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Zs r s iU« ••II* and MisaVt A*« IfTAe* a t s U s t i c s l s igoif iesncw 
s i giiwttwiliasl dafta isgm Hwrilsm—lol i ron d tpos i t s* 
imc^l lU rniA Ab0Mr« a , , S t m c t u r * o€ ftorij»-B«noX 
Ijran or* Ofpos l t s , RaJavthM m d i t s conts^X ovor 
wlJMHraXiSilloii* a«l«ne« «idl Cultum# Vol, 
ana Atooavt i977«« fi«vi«w oC FinMimiariaii 
• t M U ^ a l S i r l o u r , XIKS« Aead. Qmemcl,^ 
X«r«iXi« md AI^mv* 1977l>» s ta tX8t ic«I 
o€ gaoeh«iaic«i <3ttta f ccnii tMo iscin ojpo dctpoclts of 
R«Ja«tli«fi# ZiKlitt^ and Xte «lgRi£lc!anc«, Jouff. Xnd, 
Vox. U># pp . 40-40. 
Z«CttiU# S»iU md mmahm&0 1976. K^oGhemift t r? md 
a£ lamtx poliistXoa i n tim Oaotcmi omma r i v e r 
liBSln and t h « i r ioipam, on p lan t* «od afHiaaXs* Pcoe. 
Xaertioru 9yni>« ttcviron* Aowots and Umix 
XsralXi* AidiBiim^ fShuriiwod* a . ami Sidd^iqi* w«A«« 
TM«-i«liiiiatit h|idcoeA)«n|«futy Himlaii v lvec 
ha&in &na t h o i r laiolo^jieal ^MmstBm Ptoc» sya^. 
X«raiU« Ohmtelt aiMaU m^ Kha» 
hgmtm o i witac poXXiiUoa i n t tm Hiitdan n v e r 
baaiUi noar <3hasiabad« l^oc . sy s^ . mtviron. 
zmraiU* XtauntiMKi* 8 . m^ Khan* 1978c* O s v i r e ^ 
mmt&l mitmts on wator o£ wei»m q u a l i t y in 
Malnpuri toMn CU.P«}« Proc. iGnviron. !lioi*« 
n , iiaoar# 
Z«raiU# Ktian^ KteinOMocI* s . md 8iddlqi« 
I f l M . atiaOi^a on w a t ^ po lMLon i n i n d u a W a i 
mmm of Miaast i and ttiaiff Mmtm on c«9iaaa3. 
Hftologr* SfMp. xnwirciii, RiolL,« M* ila9ar« 
z« ra iU« ••K. and xiian I97»a. Omoetmrngmtsti^ gmmmlm md 
e l a s a i f i e a t i o n of O a a ^ l h a t doionlt«a# Oitatciet 
»Atiiac«}aBh# l a l Ziid. a m . filni. aaol.*« ehanaigaclif 
PP* 
locaaac 
ZaraiU* s*k* «id I0ian« il»ir,y«« lf79l»* F«ietora eonfefolUng tlM 
d i M i U o n of dolaKi%aa. I H M M Pitl ioraMiti 
M l zkid, Bm. mm* c^mdim^ 
wmtaicxnmB AS jmiKm Aomm 
8clv««t«v4k» V«K« «fidi X«r«lU« A Dot* on th« 
dlAtiuiionai f i tbr ie oC Oafidtwaaa MUifientft i n th* 
pp . 612* 
acivMtKVa^ V*K* Z«rail i# 196II* BdarJLn^ o^ the 
tMMMy niiMTai «t«Kli«a on t}«i pemltian of t}i« 
lE«cliael3ttri iMida in tim mitxmgmi cmiMi^^ WUM* 
Jour . aoe* imdtt Voi« 9« 20-2S. 
OEHSRAZt pnmOPUCTZCIK 
ownntjii* xNinicMXicarzoif 
isv«r ainc* the nuniiancl hao «mbaffk#d tipon h i s path o< 
civXIlmation^ iJLs oi^ n a c t i v i t y t o e i ^ o i t t he na ture i a lacgely 
r«spoiiaii>ie f o r t h e poiXutiori oi tb& mivixmifmit* in t h i« 
rmpftct he i s ocxamittiiig the «forst ceSma t o p o l l u t e i n d i s -
ciriffliiiat«l.y the weter and a i r withotj^ reali@ii)<^ l e a s t 
the long r a n j e e f f e c t s of hi® iHStivit/* Ttiio enviroonwntal 
po l lu t ion ixcmght about mm ha& s e t i n # £wc reac t ing 
prooesf) imioalctfice o£ the na tu ra l e c o - a y s t ^ artom^ him* 
iiittc® water pollut lcr t i® the #ubjtict matter of th© prcjsmt 
voiAt^ a ^iod^ review of tlie various scairces o£ pol lu t ion i s 
presented hereundert 
^tmo@|)l:i^ric emiasione from indust ry and houeehaldis and 
run off from agr icu l tu re tooth ccmtribute to water pol lu t ion* 
The moot Sjaptxtmt aource i8# haw«ver« the waate wauur fed 
d i r e e t l y i n t o the aquatic system* some enpmtto es t imate t h a t 
i n d u s t r i a l and d«si«Btic water introduces upto a mi l l ion d i f f e r e n t 
po l lu t an t s i n t o the na tu ra l weters . These include suhttances 
t h a t a re not considered dangerous wliereae many of them add 
dissaceable odour or t a s t e t o the water and others« s i g n i f i c a n t l y 
upeet t he ecosystem witiwMt beingt d i r e e t l y harmful t o iMiman 
betogs* Otlier g r o i ^ no doiti»t hsve d i r e c t o r i n d i r e c t 
iiiflaeiieee on the Iwmsn organisms and may cause g n w e d**ege» 
susmtmacm lUm polyeycl ic mxoamtXca» pwit icidea^ r«clio«ctiv« 
mmtXWKt aiKt mam t r a c e m t t t l a e&n d i r « c t l y aiKlinawr human 
health and UJ^* 
TcMic metals auch as mMPcsur^ f* Cttan£isii« «r«f«iil0« c^i^piS^ 
^nd meny oti^er simllair n e t d l i l c and noirv-iBetailic apocies tond 
t o acoinula te Jjn iaottcsm sediaieaitG tvaex the? ma:f oe 
ceieaeea var ious proceseee at rmc^iXim^tioa ^md In changing 
£ocm can tnofve vb^  t o t he biologJU! eha to thereisy rmn^ixiq human 
beings %ihere t h e / produce c l o n i c and acute ailments* On t h e 
other* t he t i iologic eigit if icai ica o£ t r a c e inetai icms could not 
be ru i ea cmt* Zt has been borne out b^ cp^serimental enridence 
t h a t the r o i a o£ heaiv^ metal ions i n livinsi systems fo l lows 
t h e p a t t e r n o£ n a t u r a l f i v a i l a b i l i t / ana albimdanca o£ t h e same 
meta l s occurr ing i n na tu re (wiiliafns* 1967| Staihr&nkmep, 1973; 
mod, 1974* 1^7SK Ho l i f e can surv ive and develc^ without 
t h e p a r t i c i p a t i o n o£ tnetal i o n s . An elem«Kit i s consi<tered 
essential twhen i t i s c o n s i s t e n t l y determined to be present i n 
all heelthy l i v i n g t i s s u e s within an animal lOnigdom o r fafl i i ly. 
Deficiency sywptcjns a r e noted with deple t ion or nMsoval which 
when t h e elssients a r e re turned t o t h e t i s s u e end 
•nab M i f i i e n e y syiii»tceis a r e a t t r i b u t e d t o a d i s t i n c t iatlo-* 
chee toa l M « e t on t h e molecular l e v e l (Ovectio£i and For th , 
I t i s e l s o well knam t h a t iae|or ions such as He* Mgr 
and Cm mem e leo eesent ief t t o aue te in b io log ic l i f e * veltcenicsHi^ 
( l f79) l i s t e d tlie foUeMifig e e s e n t i a l e l e m t e re«ii i i«d f o r 
th« human kiodjr of 70 kg liotSr 
sodium • 70#000 mg I t m 7«Q00 ng 
PotasaiUBi a«S0#000 mg Col>aXt • I tag 
C«lciwii • X^ TO^ CXIO ng ISO eig 
Ma^mium 40^000 mg Zinc • 3«Q00 mg 
Htmgmmm - 30 ^ij^anli^naai • S ing 
s i s f c s s K j y E ^ M s 
j ^ i o r olQBiBntfl - Sodium and potassium bota air@ h i y h i / 
t r a tod i n bodily £lttia«t atict a re niOely distr i iauted i n th© Imimaii 
laod^. ttm^f not cmsidec^d aa tx&c® QlmmtB 
ixtt ratlieir as Rtacf^>-ai«nefit8. most n ic^ ie ca t ions i t 
i s <|uit@ liHaly tha t apar t ivam t h e i r invoXvwroent in ftwtaboiic 
procmrnB Umsm icxis par t ic l | )a t t t in nmcvm isnpv^m conduction 
v i a tiitt laraia aitiiou^h t h e i r a^coct func t iona l capaci ty in t h i s 
raapact has not y«t heen provad (f^iliiaraa^ 1971} • 
Calcium «yaKl aagnwiiun a re titia iHMt iiK»tt mobile aiotal icfia 
which are widely diatritaiitedl throi^hout the hisaan isody and hence 
they aleo cannot tie ^ n e i d ^ e d a« tracse raetala. The d ie t r ib t t t ion 
p e t t e m ca i a a i n i l a r t o Na • K» Ng iona ch i e f l y ^ 
p a r t i c i p a t e in fiaactiona within t he c e l l * Ttiey a re neeeeaary 
i o r necve invMlee tronemiaaiona* f o r aiuaele contract ione and 
ne te lwl ic fuoctioBa* Calcium ions having a g rea t e r a f f i n i t y 
f o r wijfwm eofi%ainlAg Uganda a re leea m c ^ l e than meipieeium 
i e n e . Thia Kwnilte i n the c r y e t a l l i n e calcium aa l ta* e«g«* 
phoepiiefe mA omalatiea in the c i n m l a t o r y blood eyatam. t t ie 
iiisoliyiadlit:/ many calcium s * l t s ia r«£l«ct«S i^r tho focmation 
of hanm and t«« th i n utiich ealciiira im d«gpo8it«(l m tiydvoic/l-
9piti.tm, Ci^ (V«liKoiikiiiic»« 197:^ n m a calcium i s 
by f«ur momt fiibundiHit tMi&itl i n tSi® tnuaan 
I'gacft • s i t n i l o r l / t lw t r a c e motals a l s o h^ve n i g n i l i c a n t 
caatxii3U«ioi( in tho tn«^ t iioci/* lti«»v plAf two a lqnln lcmi i 
func^jUxist 
Z« Redose rttaction«s«- Zt i s sppiicabXe in t h r e e ayateme 
Cu(I}/CttCXI) and ^ (V)/HoCVI). These laeteis 
e r e f i rmly incorixiratea i n t o t he pro te ins* hence t h e i r redox 
ptopmtlm& a r e c o n t r o i l e i lof t h e coordinated 
ZZ« d i r e c t imr t io ipa t ion o£ t h e taetel i n - ^ m m i n - i t h e 
r eac t ion tmshmXm, This an^ l i e s ii^>ecia2.ly t o cc^iolt and 
s i n e , 
Iret^ t I ron beinii t h e stoat eiaund^t t r a n s i t l ^ i element 
i s e i so probably the most well known metel i n h i o l o ^ c s y s t s n 
(hsoK^gloiatin) in blood t h e oiqrgen esr ryi i tg p ro t e in molecule 
o i mood re9«Bd«Kl «s t h e most ins>c»rt«nt fe(ZZ> cce^lex 
eonsistJUm cC t h e p ro te in with fou r Immmi u n i t s ettsidhed 
t o i t . 
M i ^ ^ e s ^ • i«an9«aese ccmes second in ijqportsnce and i t s 
e h s n i s t r y msewbles t h a t of Ngr^  beeeuse both i o n i c sspeeies 
p r e f e r miOsm 4mmm as phospiiate and cai^iojcylate ^Bmm^im^ t o 
i e m s t a b l e bonds, oee t o t h e wmmetf intesc^ieimeaMUty 
taangaiMM in tklologic syot^ia^ t he s p c e U i c b i o -
eli«iiUU»a r o l e o l mmqmmm has proved ejctcwnel:^ e l t i s ive f o r 
caaiiy years* i t was Jchomr t h ^ many mstymm a r e ec t ive t ed by 
lAanganese in v i t r o l iHe magneaium* t»idertfood (1971) demonstrated 
t h e Invoivemait o£ t h i s el^jnimt i n glticose u t i l i s a t i o n * 
coba l t i Caisalt m t h e o t h e r hand i s relativ^ely s c a r c e in 
t h e e a r t h ' s o r u a t but t lm Inxmon boly naQ^insm vitamiUi 
«mich Im a Co(XlX) coR^lex t o £ o m })eiaoyla3ain* Xt i s widely 
d i s t r i b u t e d in t h e e n t i r e Umm isody* Co<XX) i s an enatyrae 
a c t i v a t o r hecenise o£ i t s ^ l i t y t o occupy Imi syi^itetry s i t e s 
i n enzymes. 
Copper t C c q ^ r i s a l s o an i n ^ r t a n t elorrient %ihich i s 
requi red f o r maintaining t h e proper balance i n t h e human body 
and previous ly thoimht t o have ex i s t ed i n t h e blood p ro t e in c^ 
s n a i l s . Cu(X> i s found in ensymes. I t i s capable of ca r ry ing 
oxygen as hMnogrlobin does end a c t u a l l y requi red i n t h e focnat ion 
of ensymes. 
jSii^ t a i i t i l a r l y s ine i s a l s o an ini^ortant element 
by t h e human body and occurs about 100 t i m i s t o t h a t of eqpper 
(Vahr«nMHi[p» 1973} • Zt i s p resen t i n a l l t he niMMals, Lilce 
Co(zz} i t a l s o has t h e a b i l i t y t o occi^y low symnetry s i t e s in 
ensyiMs and* there fore^ has t h e eai>aeity t o func t ion as one of 
t h e e s s s n t i a l c o n e t i t u w t s of seve ra l of them* 
t »lolytodeiiuai i s involved i n • l e e t r o n trans ier 
psocttosvs m in x«iithin« mA purine oxldatione oi nUk. nitvogm 
fJUatloa is aXBo to m nolybdenum procoes, vhich occurs 
in all plants and tissoss. High eli«t««y QoncontratXons o£ 
m^fiaiimm asm haxmiuX to a«iv«iral animal species. 
I iinaci iressml}les the d ivalent a lka l ine ear th groyyp 
jmt^B i n cl^Kpnical ]:)^havi€»ir mcacm th^tn it@ own group IV h 
metals* I t d i i ^ e r s from ^iroup XI A tnetals i n t he poor s o l u b i l i t y 
of leacl aalt^ auch as hydro3ci4es« hal idaa tind 
pho8{^tes» 'letaiaolistn o£ Pb and Ca i s s imi l a r both in Uiedr 
Os i^ i t i ac} in md mobil isat ion £rom bone* iiiKier nortaal condit ion 
wore thiai 90 of t he load, wuich i© re ta ined in the Uodiy* l i e s 
in um flm l a rye afJ^ini t / c^ Ph^* trx t h i o l md 
p)K>sphatie cmtoini i ig ligand^i i n h i b i t s the bioayiitheai^ a£ hdsiie 
therein/ a f f e c t s the mafit^ arane permettbi l i t / of kidne^r* l i v e r 
and Ixtain c e l l s * This r e s u l t s i n redtuced f u n n t i a n i n i oc 
ccMplete breakdown of tl^£«e tisjMes# s ince lead i s a cmmnXatXvm 
poiWQfl. 
I Chroniim is cme c£ the l e^t toxic of the 
trsne mXmmMM on the besis oi i t s ovwr Mipply essentiality. 
ommMf tue mmmmklm botiy can tolerate loo»aoo times its 
totel body content ef cr without hscmful effects. Cr(vx) 
empanmim mtm s^ jpveximately lOO timss i&ore toxic thwi Cr(lZX) 
selts* The stoiMMti acidity leeds to reduction of cr(vx) to 
Cr<ZXX) of trtiich neetfointeetinal absorption i s less than 
I pm QMit* 
TtMi m^ l^aem&k. oC many unlmawn my«t«rlous# non-iaiect loiw 
aiksmws ^ncsnyst ^ l a ieiisiiaitmtm a p4rtlculi»r l o c a l i t y i n 
tim paa t diacov«r«il mminX/ due t o tiw high concontration 
o£ Qfie or the otOrmr motals . The&si major ou t - t oQa^ iwercury 
poisoning Uirough f i s h ««iting hitv@ l> en n ^ r t o d from Tapan* 
Tim £ i r » t oftfii not icea in aocoixI in 1964^5 ami t h e 
X&mt in 1973* I n v e e t i j a t l o n s c^ the affuatic envircMwioftt 
i n siMKlen revealed s^bnormalXy h i j h cmicmttA%i(mB o£ mercury 
CQi^ KMmdlii i n temh ^nd s a l t water f i s h o ther aquatic 
arymniam yihXch led t o iSNan tfm s a l e £ra~a ap|>ro>cimately 
40 lalfi<« tinU zXvisrs ('1ol«iwater# 19715 • In Xrea in 1972 # fciie 
«ftting c^ i ^ d t seed t r ea t ed wltti niercural £uxi<#icides (e thyl 
nNRCCury p«>toliiiQo@ eul£on«riiliae} caused t h e lo s s ot m estimated 
SfCXOO t o SO«OCK> l ive* md the p«enian@nt d i s a b i l i t y t o po8ail:^y 
fiKMre than 5»00«000 people (Bakir e t al*# 1973). Also in 
Volte region o£ cttiana elltyl<««iiMmiry t r ea t ed laeiae caused 
eiekness in 144 out a£ aSO persons in a v i l l a g e (llwrban* 1974} • 
Bryan (1971) ssointed out t h a t mereury io t h e oiost tox ic 
Metal foUowed lay cd^ Pb and o thers although the re i s no r i g i d 
order of tosutoity* Contsmiiietian of enuous mvixaemmt by 
Od i s l e s s wideMSpreedl than by mweury. in 1947 ahcnat 44 
IHitients in e v i l l a g e wnre eiiee%ed by a sNanful d i sease o< 
ciMHnatie na tu re on the bank e£ J^intSM r iver# Toyamt rcefeeti ire* 
J ' ipM (fvib«C9 e t el«« 1974)* t teter tm i t beeeee knoMn ee 
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i n aoooedanoe with the p a t i e n t ' s 8hri«k« 
r t tsul t ing from pt t inful wkmltaX a^focmi t iw (KobayMAii* 1971) • 
Zt i s «»timat«<l t h a t csvsr iOO <le«tha occurcttd due t o t l i i s 
dioMUi u n t i i tim and cdt X96S* 
Thtt t o x i c i t / q£ lottd in con t raa t t o {noircux:/ and eacSmilM 
haa iaeen Known £or many c!«situri«s* A d l m m e known as pliiifll»iam 
caused &eatm lead poismix^g was discovered hf ttie ormx^ 
poetf -pi^ ic i iu t ^icaiKier over 2#OO0 gmacu m-jo (Stt3€ert# 1974a). 
l3!iii|}idatQd imil.din-j3 having containi^ig peaiin-^ paint®# 
lead glassed ceraroics heam caused lead ^moti^at 
childrert XYsdultiii j i n sorna dbatiia in C«Kiada imim, 1972a) • Zt 
i a a l so mointaiiiei t ^ ^ t lead covered gu t t e r i n j* dra in pipes 
43rKl sitoragfe o^ water in lead lJUied c i s t ecns r e su l t ed in t^m 
{K3iac»iin\| miXca in a l l p robab i l i ty ccxitrUbut^ towarda 
thm d e c l i ie mad do^aitall o£ tlie ru l ing clas@«^ of both the 
ntxmi md oseeH sapirea (stc^en# 1974a}. In 1930 a l m e 2S0 
caeee oi lead in tox ica t ion were reeooded in £«elpaiig (Oecmany). 
Znveeti^atiofi of drinking water cewealed t l iat hi^rhest value* 
o i appcmt t t aMy a g / i wee ve«so«deA f o r mmplm tatcen i t e i a i 
the eevly nomine house %diich then 4««nped t o i^ppreacimately 
1 Mfi/l f o r stfii^lee celleetietl i n t h e eouroe of the day <coen«i 
e t «!•« I t72 }• Ceeee of leed poieonliig e re not fseqMently 
eneounteved be t do oooaeiofially ecteur. in Hong Kong a i r i t i e h 
MiUttfry u n i t wee ovectalsen tiy eeete lead poieening due t o 
leed ehrenete wtiioh wee need t o li^pcewe the colourat ion in 
euffcy powler (Oomm e t el«« 1972' ) • 
Xn 19S4 I t was MtAbilishaci i n Que«iol<yi<l t h a t out o£ 3$2 
adluits ifho had childhood Ie«d poisoningf, IS t o 40 fmaxm e a r l i e r , 
16S h«d died in which 94 su££or«d froRt chronic nephr i t i s* 
t f e i ^ i t i e h£i@ tit^o beeti reported £<Hr caRntiHi^a o£ Itome 
d i e t i l l e d (fioonshitie> «4ii8lcef where lead eoldered^tuliings 
have hewn used in the m i t * Zt i s q u i t e l i lce l / t h a t ntootishine 
could a lso have Riore lead c m t e n t (Chiaolm^ 1971}* 
i^c^tki^ (1972) reporteci en interef^ting case of f i s h Hi l l 
due t o co|>p@r poiscNnin-i found between s c h e v o i i n ^ i arKi 
Zjinuidc^ia iurieci copper sulphate in sami v m the cMe£ source 
at: oop£:^r poisoi i iuj in t l i ia re^ic^i wliich enhanced copper 
cmipmtx&tlca i n sea water q£ severa l lumdred a^-jA (normal 
concen t ra t lm i s l«>3 jag/l) smi gvmmA mtfyme in t h i s region 
contaiiaei 3*5 /«y/l of copper* 
Cr(VX> has caused m alermin j c e t e s t r o ] ^ / around T«kyo 
whicrt was dcorived from imtreatea slimes «und f a c t o r / wastes o£ 
s chemicsl eompsny* Xt caused nialis^ptxtfit gKOMth i n the 
rei^»iratc«y t r a c t ana painles:? pe r fo ra t ion of t he nasal s e p t ^ * 
Xn Mmuet 197s # the Cr(vX) content in ground waters near 
Tokyo was found t o he a#000 t in«n more than o f f i c i a l threstiold 
l l t t i t in areas containing s o i l heas»s« 
'^ f f i l l^mi a i f f g i i i i m 4n mm/mm 
The Moveissnt of ^fvuniswatsr i s slow in many cases but 
t h e mnm e i inves t iga t ion i s covered a t h i ^ a l l u v i a l 
cover i t i s not sof hsooe contasOnation of watmr espee ie l ly i n 
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fltwaiow wmllm i a v« r / f a s t * I t im dtmmrmi ifhtn eontamination 
o£ «jproiaiidw«t*r i s caU8«a lay domifACd movaiMKit oC pol lu tad 
wat«r from the «urfac« or team agfr ioultural f l o l d s ^ l«aehat« 
from gorbaga dinposal o r s i p t i c taw cotioontv^iti^trt 
o£ poXXutanta w i l l be h ighes t a t t he top of tho jroundi wator* 
nmf »tadie& h«tve iseeci made t o iac lude moX«N:ul«»r di££tiaian 
altmacptiiaa e^ soXutoG b / th@ m&Jlium j^ucI tSocay cxS iraflioactiv® 
matoriaXs (tSonks and AXi# X964| Hocspea and HtiirXfsn^ Kn* X967y 
Ot^ata* X970t Harino* X974 ana Tagamets md s t a m b e r g , X974). 
Bam uaadl nwnericaX a n u a t i m i i istaad dlapMstxrsiim cquaticms 
(Chdnati«aX a t aX*« X973| Ummant I97%t Pmensmm 
X9t2i PickariB ^mi hanntM, X976i Shamir w i iim:Xmm» 
X967 aiU Tagament^ and Stttcnbarg, X974)* J i a p ^ s i c m ^ 
t r anspo r t th«»or/ l;^ 9raaahoe££ and P i n d ^ {X96S}« 
Graahon and Hir (X969}# f4oQf»tta aind mrl&mm {X9^7)« and 
RaddttXX mi^ mn&Aa (X970) t o p r ad l c t undacigfround mov^oment o£ 
aoXutaa* t r a c a r a or c ^ t a m i n a t i a n , 
^XaesuXar d i i t ue ion i a so almt t h a t nocmaXXy i t i a not 
• i g a i f i o a n t ««s«i»t where g»Mand water i a atagnant o r ao* 
•iflMXtaneoua a t temiat ion reac t ion have hean incXyded in 
t r anapor t modeXa t o pcedict« f o r exan^Xe quaXity ehangea ae 
w«t«r paaaea through a roo t aocie ( i ^ t t e t aX*« X973)« on t h e 
o the r hand* tunneXa Xiated and deaeribe<i eXevan 
phfaieoi^shaaileaX i^ooeaaea t h a t have potantiaX f o r pu r i fy ing 
wiaatea in tha mOtm^fiBmad enviromneat. 
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m m m ^n 
thm dUUii •oitree of imt«r i»ollittl<Mi may ^ (i> g m a ^ i e 
wmMmsiJRg* ( i i ) i n d u s t r i a l procwia oC oroa and metals« ( i i i ) 
th» wm oi motaie and metal eaavonmta^ <iv) leaching of 
gaslMig* and so l id waste clttMps# (v) mim&X aad human sMovstions 
much contain h o w metals* (v i ) chemical i^rocessing indus t r ies^ 
<vii) foact^iliawrs* pmiUcides and other insec t i c ides* and 
other man m&ie «ictivitie£i« 
Geologic Ms&thertr^f 
suk i ies i^ttam t h a t tioathering o i rocks and minerals* 
( i lm ccnlarihute imJtca towards t he de t e r io r a t i on o£ s u r f a c e 
and suh-isur£ace environment because t h e d e t r i t o l mjbi^rals 
which c o n s t i t u t e tb& rocks conta in a s i g n i f i c a n t amount, of 
var ious heavy metala {m^mpM* I97a« I974a« h) %iliich on 
lisatherins/ ^ s t h e i r way i n t o the vaclous water liodies <TaS>le ! ) • 
For «»sii«a.e# rocsks (Aiihabian # ia les} encountered i n t h e catch* 
laent of La orande r iver* Canada* a re responsible f o r hiqffi 
neveury contsnt in organisms (Boyle and lon^uison* 1973}* m ^ t 
aceenie and copper content i n si»»Br^yland* Nwrth wsles and 
lisiHi D i s t r i c t of inMttigland i s due t o sulphide minera l iaa t ien 
sndi TisgliMtciir g r a n i t i c intuntsion i n the region ihmtm and tlieniton* 
197% and Oolbeucne e t a l , * 1979} • Similarly* geothermal spr ings 
have a lso hmn the cetase of alsoocmal concentration of son* 
met«ls ( e n e n i e and mscewry i n Weiltato river of North island* 
n m seelsnd I f f l Md mUmbmg and zobel* 1979). 
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mning Kiilwmtmi 
Tbm Marious •££«ct« o£ mine e££lucint8 on the «a t« r q u a l i t y 
in r i v « r s md l&kmmt as wmXX as on the l3iiotope«# chi«tfly on 
£ieh population have kaam io£ manf ^rvazrs. The stuel^es 
have shown t h a t metal lilce Ph, cu and m leached out 
tjecm th© Qutcrqi»9 o£ mJUteraliaed a c m s s o i l heaps which 
•w«c© drolrietl out hy mtxmmB Jmve caused hi^H fnor ta l i ty r a t e 
afflon^st f i e h o the r l i v ing cMcgcoHsas i n i^elsh atreaii® 
^aiovray ana i>avi«K}» I97la» ^ ^ v i m , I97a# 1976« 1977| »avi«m 
hmia^ I974i Abclullali aiKl tioyle* 1972| 1977 
and aoisects* 1978}, high a rsen ic content (Soo t o S«000 
Smi Tarooxr r i v a r catoi^^imit in C^^tan e t al»« 
1975) and M j h Ph ami m concentra t ion (SOOatj/l otti 1^600 my/l 
respec t ive ly) in sg to l^ r iver* PoI^ okS ( fas temak# 1973). 
i n t h e metal acxiUimilaticm due t o mis^ eiSlucKits 
i s one o£ the major problem i n water pro tec t ion* Voluminous 
wopk on mine e f f l u e n t s has er<^ped vtp i n r e c e n t years w^dch 
rsfveal t h a t Colora(Jio# SiliiNsr valley* Coeur d* Alerus riv«»r 
liseiii« Clieyeiuie r i v e r system in south'"west Dakota* and liorth 
Mwia rivmr in Virginia* have been a f f e c t e d by Cd* Fe* 
Mi* Pt> and ^ content and selxSie mine ^ a i n a g e ( S l l i s * I932f 
aeppert* I9«4f Hink^et a l , * I97l t amlui atyl Frey* I 9 7 l | 
amimmlth « t a l . « l f 7 a t Mlink e t al«* I973i Hi l l* I97$t 
went*. 19741 »lood and Reed* i m t milrnr e t al** I975f 
P m e a # iwr t i K l u m n and sdwecds* 1977 «fid iiatoe and Beker* 
W T f ) . 
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mmf meua ami mid mine polluticxt |»rot>3.@ite in Canada 
oapecidl l^ tvam ttwB oi mineraX aocxaxencm h a w 
a lso c i t « l hf maaf o€ the ivcm Kmo i i i l l Galeina 
r i t l l mm, mm mmrnwixM mtA Qe^ TmxiM^ imi 
In tim province oi cantarlo @t &lm, '-imX®/,^  1972$ 
Hoom ml narve/# 1976) wast® 
hc^ 389 31 pjxa coi>p®r smX 131 ppm i x m wlWi a pii 
t3£ 3*0 isi mm nt til© miii© hXl nt 
tt«mQ. mftatM swcace "linage t o prcxluctinfi, 
ESCDto^lcal Burvm-fB An mmf cotmtr ies iiav® tm&s^&J ttiat; 
mmmcrn dkMMims mlng ammd hf t^ j© mim BiSlmmtB ufia ac^ii 
Xa immtSf^la* tim uiiae <kimtm Imvm ^M'ought mbcmt 
miv&m c l t^ i jes twaliivj th& yeoOmtJLvQ loiiti i n t o a 
ytmtm I m d aear Gd^jtulu 50 Ig» gzmi Caniiarra oriJ soutft c€ 
mmia in aortii AusturaiJLa (nmtimclm^ oawson, 1.973| Anm, 
i974 mm Watsoti 1975), mtlvltlm i n Tasftkmia 
»lm emmulmd in tim mrlcthmmt o£ m, cu, €4, 'in* F& md 
H^m^ im ^ o n d tim bcM^^ffs of mining etmm iTflmc and 
llaciiiiMtr* i973) cwiuitlfig in %iie ta ta i . alMiUKse o£ fjisli md ottmc 
M&bA in inland w«t«co« 
K^ UPi mportrnd tho Ois t r i lmt ion Cit» 
Fb anci m in if«t«c« ond v » ^ a t i o t i around Tui i | |n«. To 
Axoim^ n m rnmlandm ainiidir po l lu t ion pcobloow diM «o mino 
mMilamtsi hmm &l&o been rai>ort.wl from South S i r i c a eonteining 
m, Ti«F«« tf, t ^ , V^ Hi, Al, ca t 
m^ He* it« i«i and s> iUMilommey, 1972)« ifi t tnann 4Mi4 fmtiMMr 
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<l976a«l>* I977a«b} have aleo reported raaray o£ tiie aJatJve elofljants 
from tli0 ciold mine «£i:Iuent&' oi f^outii .^drica* 
intiustrldil EffXunrat*:: 
In nwn/ Cfjuatrics insluscriol eti.lu€»jtG Is.svo a lso wsm d i a -
ctiorycaa tt- a^jitural wattsr aoarsQS !sfltiK>ut iiavjUi; cmy rejatxi 
t o t i ie t r delcterlouti canviCcTUf^nt or ecok^ i lea l Jii^jocts, '>0011 
@t cil. t^smlcitei vorlc^asj 'm^^ iv-/ metaXu ernplo'/ciQ In 
vatlou:^ Inaoi t r l a u i i i c l m l a j ^wctlXlat^cs ^ n ^jetsmleaan* ipBtininj 
I I ) , 
.'i> review 'li tlitf cuiiwit XitGrat'is.c rufvoala th x man/ 
cJ€3Vc3lo/ji&J cyaimriei; iktve ccmtrSsuLea volnsnAncuLi imrh oii 
ro l e ot varioos i a a u a t r i w iii a jjr«ivati. i j U^e ixj l lu t ion pv.iblm* 
Ctimlaal ar^ Ji m.-Q ii£»CJi f o r riet.^1. 
polishlJi J i i n i s i i i n j whereli/ escceiss chenttcal riflci filiier uaatG 
mater ia ls jave r i ^ e to efilueni^a 1970 am @t al*» 
1974}* f o r Hg tram e l e c t r o l y t i c processes u s l n j 
mercur^f electrocles <;in<i irom te ic t l le and leat l ier tanning 
indus t r i e s (KosaorowM and Kiich«v*Ki» 1972) # Cd £iom points 
iind piijmeot indus t r i e s (Forstnor and duller , 1974a), Cd and Ni 
iiemi l9atter/ p l s n t s (Knttip e t al«# 1974) # Cd and ^n i ron Brstm 
ttaHe used in T .v , s e t s (As«mi# 1974)« <and Fe and Nn £rcxa iron 
and s t e e l industry ( P r s t e r , 1975). 
A a i ^ i f i c a n t smount o£ m&t^le «ind nc^i^-metals liau al^o 
been contriiauted liy the orgedtiic coc^poundQ cantaining metal 
edd i t ives , Po Xtt Ossoline* zn« sn« Pb and Od in synthe t ic 
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rv^-jt^TB an«J FVC ana nian/ s imi la r other euiastancea {nmxxlg, ISM9)« 
'I here i s a wide spoctmm o£ haasvy m«tal contaminaticMi t h a t 
ore irelodisod t o t h e envircNnment u t i l i s i n g s«v«ral organic 
..imi inor^yy:)ic raw mate r i a l s . Klien e t al« (1974} 0/nthesi«ed 
tlie &££l\mitm f r o n various indiui t r ia l vfrntmn t l iut r e l ea se a 
yignXficaiit amount at si^isv/ m«itals i n the (mvircti:T>fa»t {Table I I I ) . 
i^cRte.'Jtic SEtluenti3: 
rile domestic e f t luen t . . coaa t i tuce tu^j l a r^ea t s i i i^ le i i ^ l l -
tlafcintaJ poiiie. u^uxcm viJLcs. incite 4cj u n t r e a t e i or v iltsl/ rnfjcljanicall/ 
t r ea t ed waste wratera, Babstances passerf tlimaijfji tlm f i l t e r s ri^  
&>ial© j l c trV'?atrTK2i-it ^liUK^r in £ioluU[.-ii ojc f l u e l / diKtrilmiteci 
ijurticlfcs, ^ a sewaje waste auaat«im:es» 
In tins Feaercil aepuolic ot '-itgmm/ uXotm 38 csdt apprfwci-
matel / oat. ttm aoraesstJLc a t ^ l u i ^ t s un<ierw»it cc*r|j»lete 
b i o l o j i c trea-fcitwnt* 10 / p a r t i a l o ioloj ic- t reatmewt and tl-w 
r e a t S3 r waa dischargeri t o t t e receiving waters e i t l i t^ 
untreated or with p a r t i a l mechanical treatsnent, <4ttllmann (1972 ) 
pointed out t h a t 1/2 to 1/3 o£ the sui^jended laeterial k>ad of the 
Meekar r ive r near S tu t tga r t (S^G) ccmsiats of waste pa r t i eu l a t eo 
from ttw treatsient o£ domestic eCfluents c a u e i n j a high oxygen 
^tmm^ md thus a de ter ioca t ion in the water q u a l i t y . 
Netals l i k e Hi* Cr# Cu# CA, zn« PTO UM A j^ have been rwportad 
in tli« Mwage sludges from mnOmn (aerggren and otl«n« 1972)« 
Bngland aad Keies (ametcm «na Hebtaer* 1972) ^ Mlehigan in 
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U.S.A. (a lakMl*/* 1973). Taible XV jiv@s a co(ii>arative pictMcm 
of t^M v«irious metal, c&ycimtx^tiona baMKi on the above stuKUcw 
and values from Pm^ (1974) aiKl atv@rage cuncent o£ t lw 
riiatals In eirastaX rtxzks £rcit» 
The use oi Oetargents, corrosion wltiiJUi tha \xxffom wat«r 
auppl/ n©t«-worf?; mum c l t o a as tli® poscibl® sourc® oi Pe, 
car* Co* cu ami mm a j ( j j ^ r t l / '•lue t o photo-
ciMaenical p a r t i / tsj laaustxiuJl souxcjq!, PCeusj aild Kollfflarm* 
1^74} caicaitrafcloiic An t.se amt^G sXUfijes (^yfijlno e t 
1970)• 
runotx j^avu 3®rluas proii!lwr»s oi i>.St:, Iie^wy 
ttfta coat^jnJUiatJ r»n* )uria j tije pawt deca le 
e f t o r t a mod® t o IdtentiJ/ and qusuntlf/ t l i l s f o m ofc p o l l u t l m 
from acJaan wuter siwlt.. s t r e e t dust^ i l i r t and varioujs so l ids 
«ur« til© ci-il3£ poXIutanta ( s a r to r a t i»74* Field und J^ajer, 
I975f Oradford* 1^77), Studies Say sylvaater ^ d Dowalle 
(1972) hav^ aho%in t h a t f i r s t r a in pour ccvitulna hl^ha&t Pb 
cocitant wtilch I s washeKi cait f r o n tha pawd areas 
within a atmrt period of t ime. ^<hlppie and iiunter (1977) are 
alao of the opinion tha t h l j h e e t cexusentratioti occurs within 
fiarat 30 ainutea of atctfrm runot t wliich ind ica tes t h a t the f l r a t 
f l uah e a r r i e e eieceptlotially h i i h load. 
Opinion a lao d i f f e r aa er jaxda the poaaible eiMiae of 
laetal and non-eietal oontaininatlon in uriaan r u n o f f s . Msao^herie 
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anmlasioas ones sabsoq imt do|»ooiti.Oi) i n nm^W dJtalnaitt systom^ 
loaciilitgf £i»3iii humic and other cactmX^t iiy pol luted a i r 
of xoo£ f i t t i n g s # uae of salt® t o dXitxxm i^oint and 
t o t r a f f i c path ways &C0 Bam o£ the poss iMo oquorees 
o£ metal coitaminatioti in tirbi^n runof f s (Soitcir <it al*# 1974^ 
Field Uag&c, l.973i tmipplo ana l ^ t e r * 1977$ Oliver 
e t 1974? ha ' larre , 1973f ana aohno ana Krocmtje* 1973K 
J^almqoist (1975) gave a (Siagragaatic ©urnaur^ oi variouo ©oarcoo 
ciiital po l lu t ion in urban storms (Table v)* 
.<ioil lleapa: 
E^jsaeGtic i n d u s t r i a l ua©too r e s u l t s in t t e fccraaticn o£ 
c o i l i i e a ^ in mm/ o i tli© i n d u s t r i a l t o m a i ^ p s , GtJKSieo i n tho 
rocoat yas t have slio^i t h a t audi s o i l heai;3S tojro proveJ t o 
degrade ijotii aiirf«ice onU suib-surf v^ c© water q u a l i t y by addin-j 
t r a c e s o t tjxamtic, cyanides* ynd i3iienols tliroujli percola t ion 
in eas tern Oliio (il»A) mti near iiachen ( m s K (Pettijolwi* 1975? 
F lo^ l , 19S8 and lieitfelLi and s a i o t t l e r ^ 1973), 
^ t a l l»ollutjLoi froia Rural Areas*. 
t lm p r inc ipa l sourvres i3£ water po l lu t ion are coRinicipal* 
i n d u s t r i a l am ag r i cu l t u r a l waotes* Out o£ these the moet 
troublesome t o cont ro l i& from a i r i c u l t u r a l waste wi ich i a 
cafflpo8«i of animal wastea* f e r t i l i s e r e * pes t i c ides and eroded 
so i l s* These s o i l e are enricdied with heavy tox ic metals thrcmgh 
t h e a i ^ l i c a t i o n of p lan t nu t r i en ta and other crop p ro t ec t i ve 
laeasuree* Roctc phosphate and f e r t i l i s e r ^ on ten contain h i ^ 
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levolsi o£ trmce Qleimmts l i k e codteiuin (mElvofg @t 19751 
acsbin&ui^ 1973; Ttmtlm e t 1975# S t e m s t r o i n and vahtec« 
1974| t ' 4 l l l a m m d Oasvia, 1973 uml Sp&Xdlaj ancJ s&ckott, 1973) • 
i f ^ (1976) # however # caiit ioimi t h e use €€ dr«dljiKl 
BoaSm^t mtii wdmtQ Dator ia le from cc»)St^ffucticDal O^fnoliticf) 
pu«l>a3©Q iaocQUSQ a l l dredjed material© ar© no t sultobl© f o r 
K&amrn O l ^ l o r l / slml-je lo oft^m usota at; p l an t n u t r i i ^ t 
oourc© an cultivut«,<3 s o i l fc^iica iii many car.eo ccotoine tcsdc 
QlciaOTts, Ti5© uce o£ areonlcalQ m©th«tfie 
urscsiato) t o ecn t ro l lolsi&aot ^raos tlio herb ic ides olosij 
lii-jtmByo t l ia t c o u l d ' m Oajri^Sed t o carison O ic^do oisi oroenate 
md becom waHa^lo £or uptaJso in chain (Zsmsoo o t 
1973» /ttitlcrym e t 197S oskJ oSmrda oixa 197S)# 
fimoBpherle sooccqs: 
'i'im ceaultB o£ eevara l in tons ivo Gstudio^ revea l tha t 
n«itaral and man proceasaoB ajpe t ^ main sourcQ at nietal 
po l lu t ion i n a i r part iculatwsi, «fhich £in<illy r o t u m t o the 
0ur£«oo through ra in or snow£«ill« Anon (1973}^ e t a l . 
(1974}« 11UC9 mt «1* <1973) and Clus ter ana Stoner (1973) a re 
ot thm c^inion t h a t tii« onriche^nt of cc^al t# ehromitim and 
n icke l in t h e atiooephare r e a u l t e from nc^emal e m e t a l erosicn 
(Tal7le vz) • Hi< n^ vanadium content i n fiorth America i s a t t r i l w t e d 
t o the lauminj ot heavy f u e l o i l a lon i the nor th -eas t coast of 
North Mierica {mioe e t a l . « 1974 )• On the o ther haiKl« the 
enriOiiMKit o£ cof?^er««ino« arsenic# s i l ve r* mercur/* eedhftiuia# 
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Im/i, amXmlxm and untiiaonf has; repor ted throuih var ious 
anthrogpotjonJU: sourc@8# l i k e ^jaaoliUie whieii iQ tlie l a r g e s t 
ainyXd doucce of l ead meie immn i n a i r (Table vxx) . iLrfiad 
corapoufKis incraasd t he ^ti«4uiock q u a l i t i e s laso l ino in 
sp&x^ I j n i t i c ^ m jSsxm* The ismoimt o& l^oa osiditives toilay 
va r i e s £ r m 0,39 g / l ( l»5 f o r r egu la r t o 0*35 g / l 
f o r promiua <iafi®l @t a l»r 1071)» Tte gasol ino i n J o s t r / ha© 
elwmi &n mcKcmoxiB incrediso in l&iict ccN^isunf^tioi) durincj the l a s t 
t h i r t y ^eoSB i j e r io i {1941*71} in aloiao from 4S#350 t o 
2 #52#600 c i t r i c toils ana aex^solo ©ccomito £or tlie mm t h i m 
a i ttm iridustiriatl l o a i t o tliQ ocoaiie? (Pattoroon o t a l . # 
1976b), /ilK»it t m o c^ tlwss© aterosolo or© osltiedl uaaual ly 
bf tl'aa <ir*/ aoiioeition m^h oa t froia t t e atmospharo whi le 
about 6D#000 ttaio a re ^MckI r i v ^ r c utkJ serwers cjts ©tana ry®i 
oi't i'rom pavea ©urf oces which c o l l e c t ttio t»©rosolo €ai l«ait(3 
(Patter®f5.1 ©t 1976 # Table v i i j ) , T'm o t i^y c^ t r a c e 
laetal content over Hew ifork h m rowealea t h a t 13 f of th® input 
o£ lead t o & 10«000 ian^ ^irea a t t h e bi^lit vae from atmoaphwric 
f a l l out (Diace e t 197S) and t h e r e s t o r ig ina ted from 
dumping* run mmim$m and r i v« r input (^lincl^eter and ]3iiee# 
1977). 
A 8i<ini£icant atmoia^heric metal enr icr im^t ham a l t ^ beofi 
lacou^ht aixHit through hi j t i teinperature a n t h r c q ^ e n i c eourcee 
l i k e eofMsuation o€ i o e a i l fuel® m d the producticxi of cemant 
Caevtine and (3oldbiirg# 1971 and (lcildh«rg« 1976} • Xt i a c ^ e r v e d 
t h a t aniaaiotia from ocmI enoeeda theee from o i l huminy (Tal>le 
t«i9nite lawuening power p l m t a a re a t^fpioal aouree of t r e e e metale* 
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in Xmwc Btiln« district nv^ 90 ^ vM t;h« totai 
rnmm^ Gornl^  t o i m a ^ o£ t m R^puliUe ommmt f i r«d 
in onl r pamm plm%m imixaemrni simil^lf Inrick 
leiltie oXm cmtxUmm •ionificront m m n t of txncm mestoX* iJkm 
TI0 ai« Cd ana m thscmgh p lan t iHid coal ttuxnim 
mxmlm {WemmmMg 19771« 
nm atxuSif 36 m&elcm tmmiik ^uit mmmucf 
coilt«»it in i s bsioir % in maJ<Mtity of coala 
Imt in It mm^lm i t £sam i«S t o 33 ppni* Mt t io i i^ ttm 
concentration cC oiemtiry in t l n^^ $0 liat t o 
X&e^ c<3Kik@u8|»tioii o i €0al# i t i o t h a t ^bout 3*000 
fflfttric tests tiNiscuvif &m s^ieosocS ^nmtaiiir ^ 
lOmcrnm only 350 fwitrio toi® p@r anrnvB tturough nvstDsvia-j 
pSGcmm iSommm, 1971U in mc^hm: stiady oC 33 I l l i n o i s 
ooal mmaplm i t wis fooni t h a t OI contsnt ranges i ron 0*3 
t o a i lisii^ m eontsnt goss ^^ito 3«100 ppm* ana ftg 3*3 on 
t i ls «vsrs9« ^^iMiietsr md IOimSi^* 1973)* Klsin mmi Etisssll 
(1973) # from ti)s sttidf « coiil iKtmsr on t t is s s s t s an ^mmcs 
oi iiloiii9«fi Ls)ts« found tliAt t i is s o i l v^to 300 S9« Im of sn 
s r s« s r s sn r i^ i sd in im# Co# Cr# Cu* f s* tig* Mi^ Ti «fMS 
osothssmal soiiress l i l t s voleisiic sctiptions s l s o emum 
s i ^ i i e s s t stiioq^ihsrie pol lut ion* n ^ s n i e sm^iptions in Xsland 
Hswili ssMtrilMits ^ t s s f f s s t M i a n t of iMreury in tiis f o m 
0£ f s s s s iMTtisulstss fm in dlmmme t o t t is sfnriroomsnt 
(SililSBW St s i** 197|.)» Not sprii ifs* nMkm mm m ssimws of 
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^^othttsmal ^ (^uuiy puc t t world* a l so iiroaucA 
m «nvii:om)«Rt «ft:«ct tity vmf et urdiviiie and inafieyvr mari/Blmmtt 
tiMi if) iialMi MoiakimJLA mrn^^JM^ ao «o 30 
of ha/Kg rtmetemm m mxssgm s o i l i n non^tlmmiiX th^ 
«rs«nic em%m% Xb lm@ thm & fsg/lsg f Aa^mana* 
tox ie isA^mmt^ in Xii Suatiir^ i ^ i n of 
ommeiOf C11I0IC11I eogpms ttie t tmm 
contri lmtwl l>sgf o£ lytil^mr d i m a ^ cturlivj s tops 
£rc cwr ta i i ln^ tt>i@ dtachatrg® o i SO^ i n c r ^ a a i n j 
til© etenQk^ otkS l3uildii»g m l p ^ s r i e msi<S m a mXpinja: p l m t a 
wvsee te^^w m m « f t « r t i ^eo measure® i t wm tmtteed 
dmagm tio cmi t iwt io f ) eontiiiu^ii t o i^ vm&iS ov«r g jemtm a m m 
(mtchimm tma tOi i t^^ 1,974} • Xn ep i t « o i msmcf t he 
«n«lyiti9 i t ir«s t l ia t th« «Riii8ioii« fcocrt thosci 
tia«it«r£> in e o t i t r i ^ t « a 3#000 tati« t«i« i«l)00 toitft Oi^ 
ton* 1,3 too* %m tmm Ph^ x m ton* and 17 tofi» 
(Hrnxwmr* 197«) * A stibstttntia]. por t ion oC fMit«i» « r* 
ffttbMRiiMMitly prmcipltmtmd a9 mtmmphm^ic £&ll out on t o tli» 
•ttrrouading mmm which «r« luf&m^fiortmi t o t h ^ «ie|tuitie 
•nvironmtnt* AntiMonf (2x10^ )(g/yir> miA «r««itie CSxio' 
M mfi4m Mm mSOmd <S«iir t o soitrKa^ • r«(iiot« •• t i t«ry 
ill iiofftliifMt WMhingtoii 8 t« t« mhimt «ro producwt • • 
i a «lMi Itteai aiKlt—' (UOi • t «!*# i t t i i cr«e«iUii» v t 
it7S) * poliittion ifi mmtmm Cm^am §mm m Mimtey 
22 
mm^tm 1971) r^aulta JUi d«lly addjltion 
JUscm A mlae mme wemu^^. Mjc^t at» sMmd 
m ^ aolutiona t o n e a v ^ (Jexpdl (Sluil if% la** 1973 
tuem bttt Mw m&aplme oi mtaX poUution tlirou^ atMlting 
pvmm»m» 
"Smm er« a sim&»&s <$f o ther poin t ^ n o n ^ i c i t otsurc^a 
initaS. polXutioxit 
Cogj^ q i^OEi « Belling«e and Ssntiatn ii«Si<sat<»:t & tUtaiti 
cQfic«nttratiai oC co^tpor mi s ine ^ ii^i^i^oar do^oaita 
from a]R»Qia«batilc oocis s t i4.vexpe)ol.« TiilKtsrir 
And n t t m h m ^ i^il^ eanal «iaiae«fit t o «h« doeka of 
fla»cili«itt«v msinm ttxm atiti£ouii»a polAt»« i^m^ 
HM>y iMi p a r t l y iatrodiac^d i n t o tiie haybour mmm tixm 
tlw «nUeovxtMi4y» wkS priiMr 
a f i l a t m i ' i t i ** %ff«e« •IfMMiit eontA* 
mimm^lm plmom Mmm mpiuiJwS d r i l l J u f 
(Maittalvo Haknown, MMeiury poUutioii 
In amlA mA «iibMUPetie watting lalrda ahows X0<»20 ti«M« 
tfiuring wAiit«r# ttw s»«tioa in iiIiIgIi thay i«ad In «iia wash lit 
•aatam angland* Naoeitiry eontant in tha a«llMafita In tliia 
fafloR Has lM«ii vae«»»M i«>t<» 329 imei93ttf mA rtwmlht 
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tic—tiiKnt. lyt s»«d Potatcx^ * *So control « widtt rang* g£ 
t - s t s i t mmrnm md irot9# m&ee^A^ 
h«« hmm e « r r i « l i n Scotli«na« Uuch o p e r a t i w a havo th« 
M^xcvtry «8onG«ntxatioti ao j p ^ In tamacin 
o i ixrown txmit <Cain«i8 eainSk tfoiOiin* 1976)» 
Nult i smeem 
Wsm the nkjmn, i t tm infeoDe^ 
i^ tDc i r po i ln t lon ts^tural at man 
t ^ e i r t ^ i e c t Jts ciit»il.atlv@ on o Sofei® 
o i the ^©oeiato^ ^ t h a^tixral boick^^fotina ^^msetm 
maxoaiol& a m Ci# tha ot»ms& 
jm Ba t«cfa«fa m t h e s w u l t tsS m^ 
4ictivlti«8« protolwo pol lu t ion # t h o r ^ o r e ^ ehoald 
vi«fww3 i ^ mrnt f{«iio«# a ccansmrisoa o l t t ^ vmXam 
Iwavy motsos witit tli* fi«tttr«l cofMi«ntrifction tlMMe iMit«l« 
i n tiM M £ t m m t iphwrn (iiitliGMqpiitr«# 
atMo i^^ liiwr*) Xo^mimK with thm r a t i o o i mmM ooiuiwi|^tioii 
( t M / f M u r ) mA tha matal oontant (g/ton) in ttia 
«p«ei f ie im^hm wi l l hn a mmmmiam oC pollotican po t an t i a l 
(Tabl* X)* NiiOiosova and Mraufva (197S} mmA tha •l^aelmo* 
fHii l i ty XAto* (Tf») t o capraaant tHa r a t i o of tha annual output 
oi a atatal t o i t a *ClvKkm* («aan eoncantration in tha aarth*a 
«siiat> ami pointad out t h a t tha na ta la with mMmm tmUmot^liMf 
mem tha ^ raa taa t 4«rmar t o l i v ing or^wOaas* 
(Sinca anvironaantal oontandnaticm raau l t a trcm tha 
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mmoMmMmm m^ mm of « p«rtleulair nictdl* « c U f t c r ^ t 
t ^ome th basad on tttlUs«tion xxS ttm indivicttial. nmt^X 
on A tJTOadl aealft ^ • l iMinat in j candlticms %>• 
m a d , i^M mumm (iwn) sihcmA t h ^ mim 
XmeX^ in •us face iratore {Usmg ahin« e^teluMUt} vairiwd betiNMCi 
100 ana 300 /uyA a t a £ltm r a t e IOQO«2000 anti concli»i3«l 
t h a t t lw 9iiJlv<ini@iiii v i scose p l ^ t B y c c ^ l ® and iicj^ 
faotoricis tt)# Aain o i sittc a t i ^ l ? t o thaaa iiat«r@« 
soma a^i^ia© in mom <letaila a ra confided t o ^ l a c i f i c 
a raaa . OKoea a t al« fOai^ a t ai« an^ S Mailer 
a t ai* eon^ttctad nutaaroua i m r ^ t i g a t i o n a of ifoctc 
c i t / an<i tlia wlia^wnt coaataX scma* F r i a r t o tliana a tu^iaa i t 
m » Hfioun t t ia t 290 aiuctros^iatiim p lan ta alone Oiachorge dmlXf 
t o aawara leg SSi« 477 It? iti# 227 Itg iS4 kq Cr(vi) and 
34 kg but Elaii) a t a l* Ci974> |M»intaci mit o t t ^ aourcaa 
aa mall* 
A d@tail.adt atuxir oai tb© ^sehnsgfas i n t o tha Itaw Yaj^ l i ^ 
(Mtiiiar a t ai«« aricwe four p » t a n t i a i aourcaa o£ aiatal 
input iiiMi tNirga ^mt^* amcmpKmelc Bull out* srun 0i£ aiKl waata 
i»atair# and estliMitail tiMt about 4«S00 tans of iaad a ra introducadl 
i n t o tha Sight mmmtXy (Tabla XI)« t.aa (1^7? } an tha a t h a r 
hand M d t h a t iMra f c u i t f u i rasuXta coald hava aanrad i f t h a 
d a t a i l s of matal eant«fliliiation iscxn a ^ h acmrea «ntarin<j tha 
Bi^lit could hava laaan dataoOitad f o r Jadgiti j p o t a n t i a l watar 
<|iMiiity a f i a e t a * 
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ifMHt t h v r e «r« var ious maumm t o ogmmtB, 
monitor md contvoi pol lu t ion* Bmm a£ th@ resoitipeeo t l ia t 
iiMd in tho poil t t t ion tmsmtmsmt a m m Solicnrvt* 
i ) ^^m, • t h e iao8t eowawfi iioiii?c« 
o£ fceckitcMtiit^ liolitttflfit contsontr^tion* The va l t^n olHiain^l 
by iB0!iit«;»rixii3 « i|;»«ciiic s t a t i o n irariefi wit^^l/ In iii<it<^ 
cmtmt Hmmm^ m a RunSMsi? o i vairiiil»|«s 
0iioh m ir«ri«tioris i n muter l ^ a i 
a££iia«itt0« ix ip^ o£ tMietoa 
MsonOorjf d ^ t o t ^ f i t Xmml^* aa i ln i tsr oia tm^&e&tmo* 
f t ie pollut«grit eocM;:4vttrati<x) i n {MictiOjilat^ of tan 
pccnriaeii a «tttb|.« an^ eomr«iii@nt s ^ ^ i s t c xabt&iM m ind ica t ion 
oi th» « t a t« oil «»«oci«t«4 mUbmr^  h i i t e ra tu i :^ has 
cirOf>p«M <m tki« mtmtm of «oRie of tli@ iB{>att«^t i:iv«re jLn flOttoot 
oontiftont* mapp mS tfxmme oiunHi « t (i97l}« 
• t id* ( i m ) ( i « n tuiv« s^gporM 
Cu# Hsi and Iti i n mam «»< thtt wi t^r 
i>odio« in ti«ft t in i t« i (Titioie Msidie «in« «fil i i i t i t»« 
o i l «xt;v«ctiein plants^ o i l lairiiHi«« indtiMitciai 
wMtM imm s t v e i i c« product* c3.ay# p«tsoUiiMi# 
iood ^ • ton* 9jeoauct»# vutaMoaaiii* mA •loetro^iAtin^i 
ifiduiitrios iMi^ iMMn *ttvilaiit«d «« eh i« i centrilMit«r» o€ 
poliut«fi ta i n vivor nntovft i n tl)i« icv^ion, 
• t s l Q t iogi^l-tttivo iMMHiiivwi ha!vo prot«et«d tho mmimtm 
vm%m t o « ^pNMtor •ictont in or#«t Arit«iA» o n i r tiMi m%imm 
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i n m t m x i m nmieetm c o i t a l navgin* i n and CosihmH 
civ«r« I.JUc« fU.v«r TuyMyn of Riv«r iksnmf nmiSiAmh, 
Bvfxyil m^^fWpaO, witi iaari^ t i aw lii^ 
m a * a t o <it pXais<i» TalaO* XXXXK 
prosttnee oi nmm m^ Sntmv acticsi tstitwean Asilatt 
aixs ma^m&ed i m f t f i e s ^ oseiae tssr 
t t m o f } b^ve m mam t tm tsain oouaeees of 
W40 i m « r yad HufKWBtotw^ 
imi mtm ana SMo 
ittton (Jtl^tSb) gdV0 a eiisnaar/ v a r i o i o p o l l u t a n t s iii th® 
waters t:ii@ a«|Ail>llc o i Gexmmy ^ c h shon© 
higii ccne«nt£-atXo£i of Cti« {li sndl OI JMs waiters a£ tli« 
aiain r4v«r«* t tw mmtSmm ^em^ameiGf Aj» appKosil^* 
ifta%«ly 4 t o « t o r Cii# do ^Oif 4 /ttg/^ ^ 
0«S /ng/ i t<Mt m m a a .S yog/l l o r 
TUm iliiifi« ftiv«r tmm of th* »>ost t m v i l y pol^lutsd £iv«M 
on M t l i * z t 9«R«r«ily «« th« ^rn^ml 
of un ro l l* . I t 1« ••tliMlMd t h « t t o t o t o o i po l lu tMi t 
ifhlxm Clow I n t o t lw Rhiii« erigMUi«t« ivom «iKitt«r» in 
tuo o i ootiioiiy* Xn «ikit« o i i ^ t iv^prov^ 
iMiit i n f«e«nt t m m o«gaQo«*etiioc«««oi«poi]nil« i i k o el^ovof€»siii« 
MovoiAitmoi ov ygtAwKog •Mit^Uiiiia 
emoriiMi^ p m u m x m l f i n tlio tmmr HhifM iiave v M i i t i 
of Ail t ^ •Mlaotoncwo yoeoeee MKimm 
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c<mc«otr«Ucxi# vmpwst t o tusalth m a memmtf of ariniaftgr 
wvme mm «it»r so mi lUon 
MltiKs, c^uronltiiii* Xm^ cmt^Smm t o 
immmm t h e llmitinyi valu«9 oi t r « c « met^K f o r drinlOn? if«t«rs 
dtiudUigf U>T7 (XJOfH xwp^^f Xt i® t h a t i n tiMi 
mtJLm tmmm hakm cmmtmm ana Dittci}/09mm hoir^ 
itM^ wMcli im httinrily jpoiniXataiS m l i n d ^ t r i a U i M i a 
tlH» caneentrftticm of ssn an^ m imiemBm ^ t ! ^ f ^ t c ^ e 
4S cjoa 3S Ift tM® region t^iOTOiao !lgr* S*e# 
Old c r m ^ m tAmm h l ^ m c i97S|* 
rnmsm ami PmitXlm i l M l ^ and menm&lm c m n m m m a (I97S) 
t h e o i t l ' vm^ m ^ Im^im h m m mmml 
itn the rnms^mm mm mtsmc%i'm%t miA xvpoirteci Um 
of Hit ^ ^ piacen 
(n^jpttr oofuin»« of KUsm iUv«iff) m hig^ oonc«intc<ition of 
iiivttff wwtflars In nimsm w«itiyl. Mureur^r poiaofiiiif 
immmmt%} wm iXem, r^fporiima in i 9 i 3 twvm •howi « hi^h canown* 
tva t ion of Mo (M* Mg^ai f t t j ^ * t t t S ) • High Hg ccnc«iitr«ti<3A 
h« i ftldo toMn in f r««h wAtttr f i shos «a(I water 
MKilMifts ( m m A W U m ^ mHirnf fU^h <ft.«lytig/l} con* 
c«n«r«tion in t h * l i n t m irivoc mmtrntm (Cloto» jnii 
C4I> yug/i) i n tti* iftttttr* of River i n t h « iSmn mtxmm of m 
•iMttAoiMd MIA* (ac«%0 mUt i 9 7 i } . 
i i i ) iadi i t i i i t M t l l T i l i » Vtw sedUaeiit «ii«if«l« dk» no t 
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Mwmiah ^tottolut* on tli« «ct«nt of ix»llutiort ba t they 
Gisold i3« itMidl i n <3e«*faitfiliigf thft v«riou« source)* of p o l l u t i o n . 
t rnmaimmxim ae lispiy iwtH. In ^ gurf 
iNit«r amplm €mlXmm3L i t m ielvmx9 »t «tK9ct itit«rv3Xt» 
v&vml o x ^ t £l.iactu«iti«vm Mch ml^ iuxm bom ixitlvmtcod 
bf ccmMtiiotiB, t lw typm wS q^alStr ci£ thtt cam>l«itln9 
aa«s t s m i tmin t h m i m ^ c eeiiUiritf» m a i n i t i r and t«^p«r«(ttir# 
of t h e iMKliiKii* mich vMrXatlom e r « a t « d i f f i c u l t i e s i n a r r i v i n g 
a t my oanclmim r^^atHiii^ tim o i 
nm 9mm® oS tsmm mms^n in memt mMimttmsy 
im liAhogmSjc o r antttropc^jsnic^ m t a l o lii€@ zircotUm^ 
ma mtamMvm @m memtly aiarivod from r&ek ma te r i a l 
lay n a t u r a l pnscasaaa ^^mgmm or# Co* f3i# ian# 
etc*# eh ia i l i r t h« r a a u l t o£ mn ma^im 
a e t i v i t i a s * 
A nun^sar of aadliaant cesa i^?^ p r o j a c t a t h a 
l ^ t (iaeaia o r ao tiava imm Omoma t o M.acmina t h a t a a p o r a l 
d t t v a l a y m t «fid i n t a n a i t y o i iMtal p o l l u t i o n • l i w t a a l tma 
o a m (19f4) aHi la atud^ring tl ia aatUUnenta i n P a l a a t i n a lalia# 
M a a t i n a * 3Mlian«i* iouniS i m of Cd wliioti i a idsout 7000 
t i m t h a t « i uflpollutad c l a y aacUMita* s i a e t x a ^ l a U n a pl^ait 
i a taHtn t o ba ttoa main aoitsea oi diaolMC^iAg Cd i n t o tHa l i l i a , 
wm 0ii c o l l a e t a d in ttia panda ana l^km atiow h t # i 
aaMMntaation i n asn^ OS and o tna r watala* 
( I fYi ) imam h ia study o< tHa Gal i€(»nia laHa pointadi « a t t h a t 
tlia a k n o M l aeaiaiiiulatiOR oC laad i a ^ t o raaawat ianal 
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•QunMs* iMttd « t (i9Y«) miXm a t ^ y i n g tmatvf mteX 
em^mt^ fM jec4JL® l ^ ^ t h vifwaige a l u d ^ and ^Stlnmt dlj^tooal 
pende imllcatosl tt»at mmmmnt of ssa« Cii# C« wid Hi oecuf 
i n viorious aiafttKre wlikih In mmf cmm mtm e loo«iy 
t o tlio e lMges in c«0*o« tlie mofvmafit a t m ta tm 
&a rnma^L ocgsnic cmpX&mm* i o Skarap® 
on ^ eoiio«Rtirfttioa poin t* towards tho a^bove 
oDMMCVatiorio CSangtegpon WMmihet, 
HMismmm^ i m u U7Z, 1973 muSi l97Sf ilalcaiisoii, i m z , m 4 # 
1977 ) • mmij&m m I S m in F i n l ^ tmvm 
laeon ^oeie Q t^kwm iitimeei <1,974} Baxa^m m 
(1978)« £i«le« Midtimeiit tmiiAim mnA tmmy m t ^ concgntiratioo 
i n mAtMimXm$ inolitd« thoo* ac v«cnet ana Thaiasa (1972}f 
Wlm^^imm BMCGiiii m d m ^ m t e Ci976}| laavattd (19771 
and i^avMi^ v t al* (197SI ana in x t a l r £r€3m itago ftagigic^re 
immiml ana ftiaBia«# 1974) and mgme^ {Pir«iiai»i# 1973)* 
m ^ a l po l lu t ion iwem laliaa an<S ti&m in s iov«nia i n Yn^oalairia 
ha« baan si^portadi hf 9<Meatn«r (1974) t>i»lnar a t al» (1979)« 
Naveuirr and otiiar traiea n a t a l oontanta i n mud aamplaa o i 
laka Naiiaiadl, Auat»ia# tiava invaat i^a tad lay Riahtar a t a l» 
(1974) * Poland ivta a lao baan a f o c a l po in t i n n a t a l invaa* 
t i a a t i o n a in laica aadUiMnta in aaa t^m llMrPs»a Mid Paatamak 
and o l i n a k i (1949)« i»aat«Kii4)( and Mitoniawies (1970^ 1971)« 
PaalMiifiali (1974ii)« (1974) and Krawiieiii mA 
tfxA 
amupmMkl (1974) mxm mmm o f^ invaa t iga to ra t o pa in t a n t t ha 
ina taaaa a i l i a ta l pol lut ion* 
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Zfi Dttt8)C0 « t mU isatnko m ^ m m n m 
t m XOrivotf^ c m ? ^ @m Iiftlchamna (1974) podntwl 
ttMi diotribiAtioei of tirae® m^talv in o ^ a ^ i%:B7li 
mat picctoMf tim ti£m% t o out thtt i nves t iga t iond on 
tvitc« amtal con ten t s i n iaiso miixmatxi o£ t im o m p l m o£ 
BehXoawig fiol«tei{t# Fader^il olS Ottmsny* Fors tner 
ttt ror«t( ier ana m i l e v ( l974hU m i l o r iXSTfmtm 
QX^  ^ l e r « t <19771 Ui® mvtai c^mtont i n souttiecn 
Onman (Sodmo®* C o n e t ^ c e K 
I,alce« In mitmrol ismtmt msmm smml a a i s t i f i e t 
mvixttmrnt of isetals cuch m Cu# Ph ana ^ oee 
al60 fiosre in mmtvair <srK3 pond swai^mte^ a r i g i n a t i n g 
f r o n ati i^ m » t m 8mh m U ^ i i ^ i c ^ oxAtiin m t ^ l m ^ l o 
^ t s i k l i d ( m m , l.s>74)* ssmHox^ly rap id indiiwtciAUei^ 
tioti# urlMtfiisatian mfi mtm thtt 
aoure^Qf mvtml poUuticin i n I^ Ocab i n lAlc* aiama 
<»iilt«iiiff« mt I974t M t i m mt ai«« l t79f aad T&tt^tmm 
« t i975>, 
THoBiit^fi «fid if*l« (1973) «ncl A9txin And tti»sfiton (1977) 
ps^tmsmA mota mmlm iMps t o ahow tli« d i s t x i b n t i o n oC 20 
•IgMwits toy ffiAlysiiig ov«r SO^OOO MKUmont ^m^flm tvm m- l^mdi* 
mA MortlMKn MlMid on an mwrntmn* o£ oii« p«c 
««iaaK» swell iiavo ptmmA t o b« of imieh hftlp i n 
*{l«i<Ratiur«» fi«l»«ri«i« po l lu t ion* p M i x t h««l th m 4 sivida* 
<lmiipifttf# NoiytoOMMMi 4i«tvibiiti<9ii i n m t m m • • A t i f t t f 
irfiidt «nd tlNiir eovvglAtion witii « i i f i l o« l 
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In o i t t l e s rmm^lm til^^h ma Imt eo^^r 
cmtmt iTmmtm md mm^t lL9t3i Wf'mu 
isf mud atKumtm <1977) emmkm^t t h a t mtxJimtii 
metal caaom%t«tlmB In MdliiiiRit tvmtlm 900 jm tmm 
mmimm mmmsX concfintrntions* Allm C1974) ^kipiet^ & 
8«3UQiica m m ^ n^imh vHtimskt&lf t o t ^ e 
4epoditlein of cieitQlo i n t o th«r Xt Ima mm 
^ m m s K s m t ^ tif mmy thm e a r l i e r m r k m ^ t h a t t t i* mot&l 
i m 9 oFijitt&Xt^ from ehsmic^ m a t h m i n j and imehmlc&l 
diisintagratior) o£ hos t roclcft ar<i tsy mmy factor© ouch 
i^tmmpimric psms ip l t a t im* mavmmt a0 t rn tm, 
o m M t i m a * process^ chmiffmt coBipl&m* 
tiati^ p e m i p l t a t S m and hydgrtlfsist muS Oee&f o i 
vmytitmtlm mm bi.'ochtmMjo&l iaaictorial Intcnraetlon* 
variatiim In tr«c« rMital iK9]pwUUtlon tms mm 
W thtt ttarliMr wmeMmum t o t l ie v a r i a t l o a in t im 
o i t h « r e c « f t t i M ( U n « n t « ( i lu«chlA»«ac i mnd 
MoUmk, %»40t macrng* IfSM i^ Ohl«* 19S§| i^ivJUigaton* 
aoyiaiii m a t f r i tu t t i*ai«r# 19«7| 
stecAuiMr and 9m»m» I9*7f IfT^r oittiii* «n4 
^ • • l a v M * * 1971.1 solomm witf feiPo«n«r# 1971f Aii{S«r«4an# 1973t 
K«np 19741 iCMip 197ft end Poon ana ttwlli* 
197#). 
hava a l so ahowi t h a t gra in I n m aiatirilMitioa of 
Glaa t ie mmmmtM a lao inf litaneaa tha haavr a a t a l 
in •aSasiwite, 9 m m il»79> peatt i latad t h a t 90 ft t h« i m 
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contvnt i n %ti« vXvmx i s i n t h e » l s « 
iiit«rv«l oi 0*2/m to WQjim* Qsoot Hi* <lt7ii os^mS uri 
ocitra putSklm ourvii f o e ooffrocUiig 
ttMisr notiod a pc«fi«E«atial, acoi»K«nc# of tl ie immf metals 
i n tDe tinmt g ro in « ia« fraieti(Ki& aiia found a lixims 
M m i m & h i i ? hetvmm tim msiamtB o i tmi^f m t ^ s and i r a c t i o n 
c^ t ^ pairtifileQ < mi^Bsamtma i i t tm a m g h m ixcm t l ie 
@mm locaticm* ^idh fiol^ttioiiahSiw liitm 
sino* eqpper in seOlia^tio frofn t t ie Rhin* 
r i i ra r in ^ COaliaona m^ tm <3s-oot# 1977) * Por 
ttMi <iaci4»!ia9«nt of lawccuc:^ poUutican © c^ttacvoai factor i r 
m T a m m oo«uit o i Tyvi^Mniiaii ma* B m m a i a t Cif7$>« a l s o 
sma^ami t o coocliMicm tHat miffcui^ i s s t r i c t l : ? rolat«s3 
t o tlio d i i ^ t e r o t th® 8«air9@iit graifis* 
i f u ^ e m s and «tatif i t icAl methodis l o r thtt 
«ir«ltt«tijOii o i tii«t^l ^ l u t i c m in have Knmii uiMd, Hieol 
« t Al* ( m 9 ) «Kiiinorttt«dl tHat viti i sttttiatiGal ani aa t t imt i^Al 
MOM.* i t i 4 i t o Kmmm t h« var iab las* mmgm and 
Sine la ir < 11^14) uma f aotov anolyaia m w f M i wolf«iidaii and 
Inantifi ( I f tS ) n o t i o n ay«t«iiiatic iTAlationahip laotwaan l iatal 
coneaRtvation and par t i c l* «i«« mA diatanea dsttm-atxiaaiHi* 
SfiMidar ( I t t* ) and Miaip ( I t t t ) ttia otbair haitd« d m l a ^ 
•atHaniatieal pfadimtian a^sdal tiharaaa tynadwr «id Vliaaaa (l»70) 
and Naiitland at al# itaad lOarairehieal gtmipim muAf lm 
Mm iRMi^vatatioci of aivavagNi imwff natal po l lu t iao i a ilawiiiv 
watara* tliay alao appliad mmttm oi tua tiMa aariaa « » ^ f w i a 
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t o t lw Muxvimtr of Mi and f « and mttml 
p o u u t a n u i audi Oft <ifKl iUi ^ awiiiR^nt* of 
Main rivwr ftflimblic df Oamany* {X97?> 
t o Odaanstrat^ n^itiiral m d 
lniSItioiiieQ® mieM m mmxts/Nncmtim md rnvtma Xoa^aiii^e o€ haavy 
mB%m%0» m»mm « t a i , (197*) on tli« onxm hmA iotsoauead 
a^apmc imatifacsto« a ia^ i jBa i^iera t h e c^peo^iciticii of taatm 
ttrni dJiRflfiaions oi£ ^aXvm m&lm imiKiirtaitt i n m n 
e lngla i^Jtane JUi m^ pos&ma* Mfanai«Ki and iieitfJUi (1.9^71 
a t t i cw <liinentlQDai v i m volimm JLn^im^Mmt 
&mpl@& €em »tmmSmt loop o£ ^ivm: i^ieiaQl. i n 
tstilcli i a politttAdi hy mJjsitig m u t m * 
I M i l * ^ aff l i t i t i f a i hmvy laetals 
t o r osgmiie aulKatanoaa aiKl f o r thAir daeciif)oaitii3ii pvodhieta* 
l» ot gsaat Jin^pavtanai* oiaaolvad aubatancaa av« 
e^mUlm oi fnataia ana S n e v m i a g taatal aoI,vdatUit|f# 
• I t a c lng th« batwaaii oxi4iMd and m ^ a a fon ta 
of iMtalia* al laiviat ing iwtal. t e x l e i t y and a l t a r t n g aiataX 
avalXal i i l i t r t o anuatie U f a * InfluanelAg th« oxtant t o whleh 
iMtala ava adaoviaad an s i t apanM laattar and a f i a e t l n g tha 
ataiadiity a i i iatai«containing ooi loi4a («lngair« i f t 7 ) « 
Tha moim of osgaal« aiiliataffleaa an «ha aolulMllittatlon t o 
«an«ra4a iiaa n e u o a d nvr? aa r ly l» tHa tiiatovy f w i l o ^ e 
•eiancfaa. f h a mXm a i ovgmie <iiiml«) w M a In atMUleai 
paang a i « i t « i e and liydraaia«via aelit In d a t a i M l A ^ 
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iikitMBriii niMfeieii i « vmtf mUX docmmt^tli i e ^ m ^ l , 
IVfOt y m j m , i87»i 8o l t i9n«i880 ,m2i I W i 
s d ^ a ^ m mdxm ms ^moirnlt^ ani^t 
acshiiitsi«r an^ W f t QSximmeg « t «].*« m 3 i MortoruMR 
%n» md 
nm mlM €£ oir^^ie mhmtMmm Jbi om gmmi& Is fenam 
ttom m ^ct'/ 4at@ tt ie fsaioritjr M 
ai^posita «£-© irtitrilxitael ii:) o r t lw o the r t o orgaiiio 
mi^tafmm Cosnnesr* l9Z2f tiafk# 19Z9» WemisQ* l,P3li 
i93ai K&q ma moamieM, xmxt imsm ^ ^lUtt m o t mg 
al..« idlQy vmma^ v«sma nssmmt i sn^ t 
h§ l e r a i i i * tii® orgonli; eulsstcmees a l s o 
i n tritfiepofftiiig i n oi^iiatic meOim* 
Thay C4i$»abl«» o£ kooplng iti* Co m 4 oti ier 
raotaia ill a so lu t ion laotD « t pH m d hi^ t t t r Eti iralu«« 
i»m^tmm mud mhmm, nmtmm^, t9m$ Shapiro^ JL9i3f 
i9«4f IMtt Come&wm mSi i r e m n k o , 
i««e and 1$NI7| aiomir 
i M t r Oaa Bmmmm v t 
itTOi H m r t h ^ »miIiI4# I974i Smmmm, i977> R«iit«r 
and i »7 t and mgmme and OxrliOHilc^ ItTS) • 
v«ri4Mui toiotle p s r w e t e r e Imiv* b»en iMMd t o d a t m d n * t h a 
ifiMmalty in x^ la t ion t o watiir 
M ^ l i i i t f ^ mmmmrn hmm boan oonAietaa t o 
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t h« |jrt£iii«iico hftf<an«»8« on t m i e l t f o i 
Th» degcieo o i vmtm h i o a m m i x a i m n c m t h e toselcity 
m a c t i v i t f t a hmwy W S m o l ^ i m 
cu^ofia t^s* tt tokm pl&am vomm m»tm wttmt ilcm 
i n t o a nekmal watoc bocSf Cl»atelilii«0lis»# 197SI natuere t2i& «siit« 
toxIcXt/ o i ^mt&mm with tine OeeireciaA in tim 
Motn* zit^ mti cmmm Mieiirecl 
ng and Cm Xmm cmm^ with fm^^ taotai ioDs t o r «c t iv« 
s i t ^ s m tim CI.9&S) md ^ i ^ a t ^ 
m g* and .i^iy^i^^a coiseiua^ 
t h d t in c ^ t o o£ mMfsod mmHtMq i m m r n ^ 
wftt«xr tm^isSnaast oe<(3Qr of tmi^ttn £or tue irtv^ti* 
g^tna r^MkiDS Mtd* ^ a a j U A t'cibata ml Btmm 
mt^ Beam C3L974} €rQi»StiK:t«dt es^^iimtxi tm aetoidiicstioin o£ 
hd^viP ta«tal.« ming ovgmic cms?lmtm m^ coneiuOed 
t l ia t sticti emagilmkng agmt9 im intsoducea i n to faetAi 
poiiiitttd i f idi is t r idi «» a mtdity pxmamdan* I t ti«s 
iMtut «aii0it«d tlNit th« aff ini ty tiovx&B <Sif£«mt 
iil«»6i»i«l mmAlm Imtg^ly i M i s m tIm s t a M l i t ^ canvtant 
of l iataia t o oKganic Ugandii (zcvina md fflllJLam, 
KcKMy and Patr ick* l»T7ai Harrison^ i97S}, i t i » a lao 
aiig^^Mtad t l ia t c o U o i d a i and aucpandad ovgaoic mattara alao 
p l a / an ln|K>rt«iBt r o i a aa thay i^iaori^ conaidarabia aaoiiinta 
of iiataia# henca ooi^ a faw jsoii^ o i eegmimm d i r a e t l y 
dtfMind an t i i ^ i y j^Ut t t ad iniapandad mattar o r aaetiiMiita aa 
t t ia i r 9NMiia aouoea o i aatr imant <«ehlaiehart« 1.97SK 
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tOktt pH aUo pl^ m Supoetmt rol« iei 
$jcitmxm%lonm hmMmm tmmf iii«tttl.» m^ ptatmmrntm aueh m 
carbonat* and coo^^oiBids, Si^ciiMintii tianr« 
ebowo t h a t pn pl.ay» « e i ^ i f i c a o t r o l « iti o r o m m m * 
ix^g t3m t<»eljCity of tie^irir Copper ^ 8*00 jpil 
t o x i c (Show ticoMn* 1974) t}i«n iaad wae tox i e 
m y ^ m of t lw} pt^ i imiXlrnw^ m w m t m 
m s g m , « ^ values alc^o pl&/ sigiuUlicaiit r o l d iti t h e 
eono^trat^icjn m var ious tm&wf mt»%»0 ^ loaf pii 
aita cu« a t tii^h pH ipii > 700) ii) ng r i co ld X^ice m a 
ti&ekmit r i v « r i n iiortli wiNitom ir^srritori^ss 1977}* 
Bimilar c ^ m v ^ t i m on tJi® roi® i n t h e o t 
tmsnv^ h^nm ai«o l^een by man^ t h e o o r i i o r wotk&rB 
ifi var 10110 p a r t e of t t ^ ifi^ri^ 1967$ SmammOmfm 
jm«r# IWt stumm and Hocgan* iSilOi HOTS* i9l2f Beffii and 
i^uemg CfiBA«ron# 1974} Allan « t «1«* 1974| HfriAgu* 
1974# Camarofi n ^ t m t f a m ^ l97St f ioratnor 
I W ) • 
siMtllairlir* viuri^tiocui •^pwsial.ljf i n tiMi ^ u « r i i i « an^ 
ir««ii w«t«r anviroiMatftt «l«o p lay a acMinaiit co l* in t h * 
f iammtxm^im amtala* l«ewer a a l i n i t y i n f r a a h iwit«r «nvircin«» 
iaan% ifieMaaaa tha n a g a t i ^ p o t a n t i a l a i i i a r a n e a o i t h a innar 
body l ia l l i n tha oroaniana lAiieh r a a u l t i n t h a imtmrnam of i«in 
t r m p o r t (n« te t ia r# 1970K s i m i l a r a M ^ i m a n t a v i t t i m and 
Oi on var ioua orgaaiaiMi « lao mhmmA dit««tt o r i n d i r a a t o o r r a l a -
t i o n n i t l i iner««a« o r 4mtmam i n a a l i n i t y (Aryan and l e w w r a t m e , 
I f T W . 
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Btutidrnt tlM <$aMi3lii«2 m££mt oC t lw «lik|<iUo f a c t o r * likm 
t«ip«ratiHNi# conti i i t* wtktme hmpdInmBg G^gmJte cocqpofniida^ 
pH val>u« and mrAchtmnt, ccnil^ Altto ta* «f£«et«S 
^ tlw IkLoUc f moira nMch Mtiam In tli» org^iMB itamlt m^ 
t h r o a t oti ier ^xegmlamm Studies hmm shoMii t lu t t va r ious 
<MP3dinia»8 In awtal emtrnt with m^ and ixxSy 
<Ctticia« ca raaa lua 
^ t i l i i f g SaMlBB^' noctliocfi pii i« (Egox ftucimi)* P a e i f l e oy«t«r» 
tOcm^aemtxBa iBariiid m o l i u s ^ hm& i^yesm i n d i c a t i o n 
o i iii»t«ii onrietifMKit ixitii age curesr M iMi^tst o t 
i 9 n i l umi t t h^iim* wf^i Hoss^isot &DA 
c3othi3erg# I.1l74i Hiatigiiariit tiaclcar €it tifttaunagatf 
m s i i m i ana M a l l ^ and i>r<»9i« 
Zt i s ftisD viSamm^i t imt eietal oniriGhra^t d«p@fid upon tli« 
««3( oC t}}« mim&l^ l!«niii« i i n h couid coiie«ntrftt« 
tti« rnmsl im ItM pm> ^ I f^^ t i t ) 
(iii«iiiQidt audi mueimim^iniihmmU sjiiiii«uri:r mmm^ 
vmt«i,tioam, mpmimg tpmeiMXc ind iv idua l v«r ia l i i l . i t r# 
food iial»it« and i n t « » t i n « l eon tan t* aiioan gxwat iupmt, 
m tha Maftai anirieiiMKit i n aoma organiaiMa Cf<K>rria# i»7Xf Cu-
i m i n ^ ^ and t x l p p , i »7 ta i a t al*« m S i Mkuci^ y a t 
i t t « i and n « 9 a l and ttastin^ 1977). 
h i t t h a a b m atelntie and Miotic f ac to ra a f f a e t i n ^ haanry 
aiatal. eaneantvat ian i n ecganiaiMi* Btyan <197X) l i a t a d ai»kili« 
Ipttinta an tiia t iuc ie i ty of i ia ta la whleh Muat iia talian i n t o 
cana idara t ian «lian ava lua t ing t u a a i ^ i aant^Ktnat ien m x A m ^ 
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BfBtmm mMk9 do fiot tm&JUn in Imt Wm 
witmm ^mm laonded var ious e€mpemmt» 
of tlvB t m s m n t «tich an elmt »titi«rAl« aiKi ccganic iMt t t r* m 
tha %m oigpArattt iwkdii^, wktm^ m ^ organism i s 
cons tant ly t\m aetivw coGRS^eDt within 4Klu«tie tl i«t 
tiraeiMccti^ ttm cts«ffti«dl e ta t l i s enuiUbriuffi o i al»iotic 
iMitai ixieoti^wtiott ir) pimts t^^cm pt&nm 
in aono i t i s incoir|>orat«ia m r m ^ y ixihmmm ifi 
otljfeirs theoagft) s^eOuoticsi rnfotmnm f t i s 
Oi* Cit« m Vto tuKNTft ua^drgone d is t im^t in 
piqftcpiankton* ftiey ^rnxmrnm i n tli* tivt^r tmt tliose i»3L«nt& 
•bow m iMmmmm oi th«»« iicn«ti«r ?fiartifi# i973f 
mmam^MtAOm mm htmSn, Mthoug^ tUn tmtml m m t m t in 
W4it«r Mi^ not iMi tiM m^m m in ovon ^km i^loalctoci 
fiouM iB» usotf M ialoljidieatotr» (Chlpmufi « t l9Stf 
r i i i p 4fid i>yaii« i i 7 a i Fkijita aiMl KMtiiai«M« i97Sf OiikMurt 
• t i t 7« m i Ii0r«it « t 1977)* 
<i») nuiiif U t m 
hkMm plmnikMmie t i i* rnmrnsmmXiitm lwe«iiMi o i t h s i v 
Afttuvo lM«n «t»«ia ind ica to r o i l i M l 
jj^Xntiofi* l i a i i M^kiiSiyMBIIl otli»r ^ w e i o s o i immm 
i ^ g m tMWo I m n wmA m lNl«io«ii« ind ion tor o i imnwf « i t * l » i iH* 
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m ^ t«i« Ci>« Mg t i ^ m iPwwtm a] . , , 
wmnmc^m »mam§0 vm$ m « i htmOm, 19tff 
Co) s s i i L S i m j t o t t 
J W i g J r ^ iiat«ir i l ^ a plwHi^m 
sTiert fli^iffi aiii aoc^niJUiyrlir* th«ir ml^ 
matalA i^Ci^ aor* inf«li«laai« a^tring period* Bm m 
t h « ^ihm tiaiKl* t h e iircsli iilfaift Iisa^ 1»q«i«i vmiA m m 
insiieetoir f o r tisav^f tmit@X e c n t t n t <iat«ir i n c M t a i n nestr 
ilKCd . a lgae 
imm tmm IojikI t o be cmtondnixiKata Is? i^sev^r iJUs® 
Cut cr« ma&i m i m x t m ^eornmoM* t^cOand 
mmmtm, im^i h^XmA^ mmmf a t I97»f Abo-
1977 «fia mhrn* Xim}» Scm eikqm < i s s a l l s toiaE4> 
•rioiifii Migr^  eooe«fi%catiori cii mmmixi i^iich i a nan t l i m moem 
i n li«i%«cS ^rawt oC Haw ZtUiMl t h t o iMaii«lMMi««S 
l f 7 a u M ftOMa pXmm s i n e ooncwiKunitiQit f37i 
i n c l i i i o p i i m iiifva Dkwi s a y o v M * B«vt«l t Mii Wmtmmme (IfT?) 
and «iitt XittaltoargMr hair* s tponuM «van lOigihaKr 
iBMial eoms^niuraUon itt fmM^ %Mit«t alar*** 
•la%al aiuriiribiiiKit i n hSug/imx p l an ta %ak«a j^laoa thvongli 
voata «iiii«ti a l ao vary f e w apa t i aa t o ipae iaa* 0«* ln» 
a n i M hifpa toaan «i|ior«a(l isat t t l ia «oo%a o i j^lant* i i iM 
r r i t W i H t l l w i l t f l i l i tillUttSAA M y w i I n 
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t h* point matcm of hottvy iMt«is Xt 
ha« l>«oi} foviRd tbAt thB ecmtont inciemmmm tow«sd« tfm 
point •011SC0 in fMab ir«t«r p l an t s (Hussai «nd VfervXa, iS^lOi 
am, Rofty, I973f cm^mix o t 197$t Iftko-My. 
i$77r i977r Patr ick « t i977f fMady and 
p«trick< m T b f stokas a t 3to1caa, X97S}« 
(a) tifrtsfgotgDPbic orcH^iawa » Hbtaxotrophic oroanitfn 
i i k a aooplankton* bivalvaa* esuatacaana and ^iahfta hava a iao 
l>«an uaad aa ind ica to r oegmlama bacatiaa thay r a g i a t a r 
aaaaonal ch«mgaa in laataX auppXy ( apac i f i c eban^as ara a iao 
ttMira}, 
gQOPli>lttonai» VajriaticKis in eoncantrat ion of Wm t2«7»3900 
pp t ) and zn (l»9-7io ppm^ have baan caeoidad in nony soopXanktona 
(Van Aa a t al** 197$}* Similariy. ffiaccuiry contamination in 
Koopianktona tiaa a lao baan rafioxtad in many par ta of tba world 
(Knauar and Mastin, 1973f nindon, a t 1973f Hmg a t 
1974f Skai a t al .« 197«)« 
Biyf^yaat- Bivalvaa doa t o t h a i r lew i iob i l i ty could «iva 
tlia heavy M t a l coiipoaition of a narxowly liMitad apaea. Vhay 
hmm baan u t i l i a a d in da l inaa t ing anviconaantal eh«iifiaa. 
•aaaonal ehanoaa and chan^aa in food aupply hava baan ooticad 
in aiany bivalvaa l i ka HsUhb. eitiESil, ffHWl m m l U U ^ 
i t¥ t i l^a adiii^i^ thrau«h tha atudy of t h a i r kidnaya. di^aati ira 
i landa, ato.« which aacraVttoza nattt la than o thar pa r ta of tha 
body (Kackaa « t a l« , 19Mi »ry«i« 1973i Cimninghaii and Vripp* 
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i 973 fm5««by VhiXUpv, m 6 WtimAtich and 197C)« 
M«ny « i i tho» ht»m mhmm th» «otice« of cont«nlD«tion »m 
o r tsmmh wt^mt on t»««i« of MytiJLiia and o t h t r oys to r spoc io i 
(Boydott R m r i l , 1 9 7 S t m m m t and SiaclttA, ThoxntoB 
ot 2975f Wowlmr md Otigtmi* 1976 ilrsran «iid 
Hmmmtmmf 1977). SXoom and nyl ing (2.977 > ^smA hiqh 
cottcofi ts«tim of fig, Od. and t a in th» amtvcles of «o«« 
l>ivalv«8 irhieh %mm d«eXaz»d u n f i t f o r Immubi eonauNiption* 
Bivaliraa tlma oould tm u«ed f o r Icmg tmm m^taX a»itaB>JU 
na t ion contcoX by usiLno iin*eontaiiJ^atod b i v a l v e s in bioassayv 
in watar bodias in whicli no b iva lva s ara ottmmiam £c»i»d 
1977} bu t i t i« d i f f i c u l t t o uoa tha ta in f r e a h watar bodies 
baeauaa haavi ly po l lu ted r iva ra o r lakes autoieaticaXly i n h i b i t 
ttm growth of thasa o r g a n i s t s (Nancy and George, 1977 and 
l ^ r l i n i a t a l . . 1976). 
( i i i ) Cruataoeanf i - sone apeoies of eruataceana like* 
C i r r i c e d i a and aali^nua have been used a s good s i n e i n d i c a t o r 
with a MaximsB enr ichaent of 73*000 pm (dry weight xe la ted) 
and as . 000 vpm r e spec t i ve ly (Micklesa. 197S> and ualXer* e t a l . , 
197$)« saiike (1977) no t iced a gradual decreaae in SMircury 
content in t he c m s t a e e a n s froai l i s n i c t o brackiah water 
env i fonaant . s i a i l a r l y s e l e c t i v e i ^ s o i p t i o n of one over o t h e r 
and mocre anr ieheant of aietals froM uiban drainage over r u r a l 
dseinaga has been not ioed in a ^ i y f i e s h water crus teceana 
(JOhnels e t e l . . 19«7r Naaaelrot and OotMierg, 1974| ta land 
and M Musney, 1974 and l»rsai«^ 1977). 
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I* GowiMiiwd t o o thac 9xgmiam»t pl«nty o£ 
li t«r«t«ur» on Imnry eontont* of f i sh* bo th f ro«h «iid 
ttarlao w«t«r has cxos^poA up m c m t ym&m, riw^mm h e m iMWh 
umd s s Ind i ca to r oc«iniiMis f o r t h o twavy iMtaX po l l u t i on of 
t h a i r amrisonnant and t h a i r poaaibla u a f i t n a a s fsxm human 
eonau«ptlon torn t ox i co l e« i c* l ^imw poin t (Utha and Bligh, 1$71| 
Hi and K i t m u 1971r Xmmtt a t X97Zf Simxmky a t a l* , 
19t3t vo«t« 19741 icxugar a t a l* . m $ t ttiith a t a l . * 1975; 
M u l l a h a t a l« , 19767 O^hnala a t ml*, 1976y Jttjamathsr and 
C«it»ia^ 1977}, sacondly they heum h e m uaad t o s tudy t h e 
phys io log ica l behaviour of haavy taatals |Gol<99arQ# 19tai Koimt 
and 0t!«phan, 1967f JUndahl and Hell , 1970i o a f f a r i a s and 
liiifwtt, 1971y i ^ r l i n i a t a l . , 1971f K i l l e r a t a l« , 1972| 
Pant raa th , 1973| ausidci a t al*« 1971r Bishop m a nmmrf, 
1974f Olaon a t a l . , 197$i Koli a t a l . , 1977^ K u l l a r and 
Prosi t 1978 and papatSepoulou a t a l .» 197«). 
Thirdly , as an and eoRsu»ar in t h e a^fuatic food chain f i s h 
i s usad aa an i n d i c a t o r of heavy n a t a l amriianstant (Sachs a t al.< 
1971i t4»vatt a t a l .# 197X# Narra a t a l , , 1973i Vtha a t al«« 
1971r Padan a t a l . , 1973i Broolc and neasuay* I974t Kafdis ty 
a t a l . , 1974a,bf Kaasal rs t and <3otHE»aro, 1974i Kesasa a t al«« 
1974| Misisnira, 1974r s c o t t , 1974i Macskay a t a l . , 197Sf 
MatWHiaffa^ 1979i Btanner and Hieklass* 197S and Sdomb and 
Cham, 1977). 
Hot much and ayoteraatlaad motk on pol lu t ion of n a t u r a l 
W4it«r8 in India hM so f « r be«n brought t o l i o h t . Th» 
Xit«r<ktur« on «svlxonie«ntal Btana^Mient and po l lu t ion con t ro l 
pvbiiahsd t i l l t o ^ a t a could ba cata^oriaad aa fol lows. 
(a) Phvaical Factora - Tanperature, colour^ tuxtoidity* 
aoapandad aolida and radloact iva waataa ara aotea of tha 
phyaioal poUutan ta . Phyaical changaa play c r u c i a l cola in 
tha anviconmeot not only in a f f e c t i n g tha q u a l i t y of hutaan 
Xifa diractXy but o f t a n i n d i r e c t l y by accantuating tha ioipact 
o£ chanlcai pol lu t ion (Sifarainathan^ 196»f tiennawae, a t a l* . 
W O i Chuttani. 1971* C.O.H.s.H., m 2 f Oopal Krishna and 
RMchandraiah, 1972r Ananthakriatnan and Kutty. 1974i Koshal 
and Koahal. 1973* 1974a«b« 197Sf Kutty and sukuaaxan, m S y 
Koahal« 1976i Fcans a t a l . , 197ei Oopal Kriatoa* 1976^ iladdy 
and aa i th , 197ef Jacobs 197ef Kaju and timo, 1978y Khan* 
1978 and ishaq a t al .« 1976. 
Biolociic Factora > Pixibably tha inoat iaiportant of a l l 
i ia tar pol lut ic i i 
cont ro l conaidaraticKTia ara thoaa concamad 
v i t h publ ic haa l th . In f a c t tha a ingla aoat iaportwfit procaaa 
in tha watar tvaa taant plant ia diainjBaotion which halps t o 
Maura tha dasanca of pathoganic organiana in tha dr inking 
i fa tar . 
Tha a th io log i ea l aganta of watar bema diaaaaaa includa 
• l rua# b a c t a r i a , protosoana and tha halmintha. Tha apaetruii of 
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t o x i c a n t s t h a t can a n t e r tba Msv^iromaant l a v a r y larga and cccura 
v i a a i r , vatar» a o l l aa waU aa I n d i r e c t l y o r d l r a c t l y In to 
£ood» Thla can Includa ca t a^or l aa of cbanica la £&r l ^ t ^ t l o n a l 
uae, a.Q** food addltliraa« paat lc ldaa* a g r i c u l t u r a l cbanlca la 
In var loua forma includlnQ aollda* llquiU3a« duat and aamaola* 
Addit ional n a j o r c temlcal burdana can a r l a a item atithxopo* 
ganlc aources of a tnoapherlc t r a c a ccaqpoiumta* A la rga nunbar 
and v a r l a t y of paa t l c idaa a re wldaly uaad and naay of tham ara 
of very lilgh b i o l o g i c potancy, s t i ^ a a bava xavaalad t h a 
c y t o l o g l c a l a f f ac t a* mutaganlcl ty, b i o l o g i c y la ld , p l an t 
anatoay and o t h a r gana t lc a f f a c t a on p l an t a and aa loa l a 
(Chautoay a t a l .* I97er chauban. 19t4r amghvi , 1976i sundrasi 
and Cbauban* 19761 Rao and iuijaya IiiOcahBi* 1978) f%ao« 197et 
Cbatidbary. 1973f a r l r m u l u and cbaudharl^ 1975t 1976| 
Krlatnaanirtfay and 8altmm» 197ft). 
Cbanlcal n a t t r l a l a t h a t nay ba dlacbargad i n t o tha raca lv ing 
watar body nay ba broadly c l a a a i f i a d i n t o organic and inorganic 
p o l l u t a n t a . undaalrabla caau l t s f r o n tha diacharga of inorganic 
n a t a r l a l inc luda changaa in p>C incraaaa watar c o r r o a l v i t y , 
to jc ic l ty , aludga, a i l t dapoal t lon, a t e . 
Tfm anoxnoua aHKHoit of i n d u s t r i a l and tachnologlca l 
a c t i v i t y in tha nodam world c r aa t aa a l a rga n ipbar of 
p o l l u t a n t a . Vh&ganatieiata. b i o l o g i a t a , c l i i i i c i ana and a p i -
dan io log la t a hava raportad tha danaga caiiaad t o var loua 
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organiama by th» cheisicAl pol lu tan t a . In India though ocaisl-
dar^Jj t t a t t en t ion haa b««ii paid t o anraluat* tha eha»ic«l 
d i ampt ioo o£ aiquAtic wmAUt du« t o t b s auSditlon of i»duatrX«l 
infiuieaa (V«xna mt 3L974f 1 9 7 7 « t u d i t t a on t h a i r pxobabltt 
• f£«c ta on b io log ic aystoms r f t ther Rwa^F^. 
ccmsMttrabXe work haa be«© done on the t o x i c i t y of pea t ic ides , 
i n s e c t i c i d e s end o the r chemicela of f i e h and o the r aqfuatic 
MEiissaia (shorma* 1977i ahanca and Su t i e r , 197Sy Kuner 
a t a l . , I978I Ghate e t a l . , 1976i Banner j i and chaphekar e t a l , , 
1976; JReddy, 197ef Das and Fat t«nay^» 1977f Das e t a l . , 
1972} Gupta e t 19#St Bindra, 1971» Jagian and Chopra* 
19701 LaksNsinarayana and Kris tna Henoii* 1972; Rao, 1977t 
Stao« 1978y Azora e t a l . , 1971a,bi 1972| Baaak m d Konar, 
1977f Joahi e t a l . , 197if Venae and Mathur. 1974* v a w a e t a l . , 
1974; 1977i Mwrthy e t a l . , 1977). 
With t h e rapid Indtiatr ial iaat icm in India during the l a s t 
twentyofive yeers. siany unforseitole pzoblama have ar iean due 
t o ever-growing and ever varying po l l u t i on , aources of 
po l lu t ion are var ied and range frem tba itae of f e r t i l i s e r s and 
pes t i c idea in agr icu l tu re , tha burning of the f u e l s in bo i le rs^ 
fumaees , veh ic les and o the r power driven units« the discharge 
of chamicals and reiSioeetive sul>stances in the form of e f f l u e n t s 
in ponds* lakes , r i ve r s and sea . Thaae po l lu t an t s severaly 
e f f e c t and in soaie ins tanoss t o tha ex ten t of i r r epe rab le 
daAagea t o soaw iiapoctant M t u r a l enviioniiental cyc les . 
Mot anach woxk on water pol lu t ion of na tu ra l water eoursas 
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in India hM ao f a r baen pul>liahad, Oopal Krialma a t al«# 
(1973) not iced t h a t the dlaehavQa of I n d u s t r i a l a f f l u a n t a In to 
H ^ I y r l v a r l a l t l a t a d th« aqua t ic acoayitaw p a x t l e u i a r l y iA 
t ha nontha of May an^ Juna* Cttraoxy ranarka ^ u t the high 
concan t ra t ions of phoaphatas and n l t i o g ^ coiii^ ?o«inda hava ba«i 
naportad In a fev r l v a r eatct iaanta (Raj Oopal« a t 
Rao and iiao« 1975^. aom sca t ta red ip«t>lleationa appaared en 
the ehan la t ry of r a i n watara^ gbtmrml compoaltlon of aomm 
Indian r l vo r s and aoroa of t h a l r t r i Joutar laa . and charolcal 
compoaltlon of watara dug up In thu oXdar geologic fonsa t lona 
(Hand®, 1965. m ? , 1973a«h| I974a,to, »75a, l> ,e , 1978f 
I 
Oaaoutch, Gaursat a t a l . , 1976} l^andlt a t a l .« 1940f 
( 
Rajgopalan a t al*« 1973^ Hao. 1974i Soouin a t al»« 1966« Singh, 
1976f Singh and ICuRsar, 1978f s lnghal a t 1976; Sofiyal 
a t a l . , 1976f Pal , 1978f Rawal, 1978f l a r a l l l , 1979r 
Xara lU and ichurahld, 1976i Z a r a l l l a t a l .« 1978a*ay Khurshaed, 
1979 and slddlgl* 1979). 
xn Xndla« t ha Mtln pxobla» l a «n a lans lng Increaaa of 
noxloua po l l u t an t a In tha a f f l u a n t a f r o n tha I n d u s t r i a l u n l t a 
In to r e c a l l i n g watara* Xnduatrial a f f l u a n t a contain p o l l u t a n t s 
ranging frosi coiif tn Matals such aa ooppar, slnc# i»anganasa. Iron* 
Alckal , a te .« t o r a r a leatala fxoei the n a t a l pzocasslng and 
chemical Industry , phosphorus, sulphur , nl tcogan, and halogen 
caM>P»vn^« fcoei tha f a r t i l l a a r o r p l a a t t o f a c t o r y o r only 
ai*>ataneaa conta in ing organoL.phosphorus p l en t , orgeno^sulphur 
o r hydrocazbon f r o n o i l r a f l n a r l a a o r tha rad loac t lva dlachar«» 
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fvom thm nuclear powsr svttoton, 
1?h« pollut t tnts xi»£»rr«d t o «ibov* inf«K»t mptm^mt a »iiiut« 
f r ac t i on of tb« t o t a l obainical vac to r of tfm po l lu t ion . Vlia 
pjcesanca of ttia po l lu t an t s a t p lacas hare d a f i n l t a l y e raa tad 
coloaaal prdblams f o r the auxvival of marina and InaBan l i f a 
(Matbur* X9Wf Bhaxti a t al .^ m t > S i a ^ a t a l . , I976f 
Matiajan and Katta« I979f S i n ^ and l^oanral, 1979| varma a t al», 
1976 and Mahajan a t a l . , 1979). Sinca tha n a j o r port ion of 
t h a water of tha Xndian r i v a r s i a uaad tor i r r i g a t i o n and 
potabla purpoaaa wit bout making any t r ea tnan t and avan» i f aoma 
apacia l proeaaa for tha t r ea tnnn t of aotDo of the po l l u t an t s i s 
adopted* tha rasoval of mam hasaxdoua contaminates i s not 
poss ib l e . Tha discharge of tha e f f l u e n t s in t he zndo»Gangatic 
p la in which i s covered wi th a t h i c k l aye r of alluvium, oos t ly 
porous and paSBWiable, f ind t h e i r d i r a c t access t o tha ahallow 
water aqu i f e r s in tha region. 
The north-wastezn region of toughly eactending f ron 
Agra t o Keerut including par t of Onion Te r r i t o ry of Delhi, i s 
one of t h e B%>st f a s t dairaloping i n d u s t r i a l regions of Xndia* 
Besides, Delhi, t h i s vas t agro»indust r ia l b e l t includes c i t i a s 
and towns l i k e Chaalab«3« Modiaagar, naarut , Bulandahahr, Hatherra, 
Agra and Aligarh. All theae c i t i a a a re s i tua ted in t he c e n t r a l 
par t af t h e Ganga-mMMina r ive r basin* Tha region i s a l so densely 
papulabad. A large v a r i e t y of i ndus t r i e s ranging f roa aya ths t i c 
polymara, heavy chanicala, n a t a l foundjlrias and M t a l preeaas iag 
i a d u s t r i a e t o Mny d i v e r s i f i e d s n a i l sca le induat r iea hat* aaiia up 
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In t h i s r«giofi i n tha Xmt two Most e£ t he urban 
H i d i t i ^ l a l m i t e l.ac«t«idl a t on« or th« o the r boidea o£ thea* 
t w r l w r a * the sanga t lw tmm^m^ Hies® ^ndNist^^e 
ultiai«tel.y diociharging t h e i r e f f l u e n t s i n ttveee two r i v e r e 
which« in oioet of t h e oaee9# ge t t h e i r wejf t o the shalloit 
water o iu i f e re t o preeence of mostlt porous md 
peKiBeohle rode formations i n t h e baaio* Ttm poliuticm i^ni^leisi 
i a f u r t h ^ e jgrevated hy the aieeherge of t he woetee from eitgar 
and noUa^wsi f a c t o r i e s o i l i e and (S ie t i l i a r ioe t ^ i eh a re 
aDundantiy found in the reg ion . 
AdaQuate inforniatimi qnianti tat ivo da ta o m now aivaiiahle 
t o v i s u a i i » e t h e degrea t o i ^ o h riirer# mxct&so ran of f m t e r 
and ground waters a r e poUuted d i f f e r e n t egeneieo in 
<7apan# France eiid othiar Eoropean countriee* 
He»wav«r« in Xndia no systeiaatic etudf hae ^ t horn c a r r i ed out 
t o obtain any s p e c i f i c idea about t he laagnitude of po l lu t ion* 
var ious parametero inf luencing t h e po l lu t ion vec to r and t h e 
means t o e l iminate pol lu t ion* 
Keaping in view the e l a fn lng po l lu t ion s i t ua t ion* the 
present inves t iga t ion r e l a t i n g c h i e f l y t o t h e inorganic po l lu t ion 
in Central Oaiiga>»YaMMna r i v e r basin covering t h s north^wsstera 
p a r t of and south»wBStem p a r t o i Delhi S t a t e has bsen 
undertaken i n order t o evaluate the d i^ ree and c r i s e s of 
po l lu t ion (yig» X)« f u r t h e r s tud ies as regards t o the daiaage 
dene t e p l an t s and o ther organians a r e i n progress* t h e r e s u l t s 
of which w i l l be published under a separa te cover* 
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<foliaaaso6« 2.977« Th» fuadai^tfttaX cihamical and phyisical. 
c h a r a e t s r l a t i o a oil Swadiah Xa{«aa» tm^vf matal contant 
i n lalKo M^iiMnt Mtam aoaia iakaa on tha Swadiati Waat 
CxMit and i t a oocmacstloii with t h « atao^pbaric •^pply• 
s i l » t^mgxva** Copanha^an* pp, 133* 
JTc^f it»X«t 1971 • tstuA oontMinat ioa o i aoMa a^prioultucal, 
ao i i a i n waataxn e m i d a * InvisoR* Sei* «ie»iiiol«« 
v o l , S« pp* I1.99* 
SaOmmlmt Praaaon* and 
«ioatraiid» Pii«» (Ssox i«ftiiia and aona otliar 
«iita%i« oxganiaM in amdan aa ind iea tora o i m m u x f 
oaotaMination i n tlia anvicoraaant* Oikoa# VoS.« 
pp. ^ W M U . 
PanwaVf <Mpta* 197S. 
f M e i t y o i aoaia inaae t i e ida* t o chiranomid l.a«va«. 
Itaaith« Vol . I7« p t . pp« t l t » i 4 l . 
^hiUaR# OR t h a ^rsoiogieal ae t ion o i tlia mrnm 
mia»» t r o e . jumkw* AiIv, M,«VoI.* pp. nXMlQ* 
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mtmtSom, H«r«)e«ir«# T« and Y m a a ^ 197J» 
Xnfiiaence oC tlici ursvtilc Alfi« on t h « if«aa 
fUvwr* ic«fi)wix0ho m . Vol* 
ie«olc«i«* Bm0 Osrotic^ B* and Kraanonriot 19«8« Itoas o i SSn-^ S 
ill thft SRISMI i t t ^ l u a 0allqprc3nrjLfici«tli« 
Vol .7 , 
ivoS thtt «oluticm o£ soibo niiiic^r 
oxiiles b^ d ^ c o e i ^ i n g p l a n t inatarial* Oeochia. 
OoiffiiochiRi* Aeta*^ Vol»a4r ^ v ^ S - a ^ S * 
van t«oGii« o««r. and P^m* 
Tho detaamlnatioii ofi t r a c a laatals in Ciado|)iiora g lo i a^a t a 
a s a p o t m t l ^ IMLologioal laonitor* mte i r ^m^* Vol»lO# 
Mmtp* imis rmm, and Muas<ocliova# 
1974* SadisMvitation r a t a a and aaOiiamt hi&tosf 
hsikm Ontario^ Weie anS 
Vol# 44* w 
col t tural €01 tlKt o£ aaOtiaafita i n 
laak a^ Bcitt* T. f i a h * Rue* aoaxd^ Can«# Vol.33* 
pp. 440 -^2* 
ichaii# 1970* ThimM^ polXuXloa Zta Ixioloaical ^ f a c t a 
and alaaMiaentat A. ravlwr* Zntafii.SiruRip* i^lr<mmhgmt9 
ana t u a i r M f a e t a , Hfiil«ra]aaxS# s ^ . 
KhMcalwodt 1979, InClitanco coa l ttaer |fK3ttatri«@ m t ha 
aulpliata coneant ra t i an i n tha ground watar laodlaa « i 
northiiifaatwm Yaaittaa baain* a i^ubl iahad Phil ,<liaa«r« 
t a t i an# Aligaxh Haalin aniv«eaity# Miga«ti# IS4{>, 
Klain* O.K. tfid Ruaaalt 1973. Haavr awtala Fa l l ou t 
around a ; 
WP, 314-3 
m a r p l a n t , l i iv i ron . Soi* Taelmol.* Vol.7# 
* 1 7 . 
KXmint t«angt fU, Naati* N. and ICiraelinar^8,l«.t 1974. 
9 m m — <iM MMttala i n r9aw Ci ty waataNwatar. 
Vol.4§« pp. 24S3«2M2. 
fO^anan^ R.tf. w d »Swaxda« K.w., 1977. To>eiG matala i n gvovind-
wat«r o i t h a f r o n t rang«« Colorado Oiwuid «atar# Vol.IS« 
pp. 1«0«.149« 
mmtmv, and f4aitin« 1973. Saaaonal v a r i a t i o n a of 
Ctdwimi^ ooppar^aaiifaMMia* laad and s i n e in natar and 
plii%aplMlitoo i n m M m m la r* C a l i i o m i a # t*iJinol» 
eo«ino9«« v o i . i t , . pp . i i M o 4 . 
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and HwnwiM* 1974* C«aniiiiii in in 
«ii i«tie •eofii/stMif Atstr i lMtioa and Xni 
ailNitaiieM In &rivixonn«iit«l fM«qpiiili# 0«0« 
Vol«8« C<iXiliiM«t miv* KUsouvl^ 
Kobtywhi* i m * Halation biHnfsMn the n t « i « I t « i * di««as« 
«iid tkm poUution <»£ w«t«r hf isom • mine, 
Adv* iffttttff Poiittt* Proe, Sth znt* Conf* 
KonoRGva^ «»:ganic fft«tt«r, and ed«« t«on<3oii# 
^ostganod Press . 
Kppp, mdk momtf IJ#S« iixaem m&tal& ia waters o£ t l ie 
s t a t i c * f e d . Hater Control AMn* 
Po i iu t . a i rvei i lance* 
Roahal* ii«K« ana IGc^hai# 1973, EBVir<»nme»t ^ lueban wir* 
t a l i t ^ «> AO mean&mtxiei approach^ 3tiiXetint 
K o i ^ ^ ^ icoshal* 1974a* fstoj^gd^itir ana a i r po l lu t iom 
Sofse Zndiai) eaqperiences* Proc* XXX Sem* m t a Sa®e X;^* 
mcm»0 nm c>el}ii* 
K o s M , -em Vksmt, 1974l»« Air {lollution ana tlie 
ceiSiiratcMBy aiaease a o r t a l i t r i n tfie a 
quan t i t a t i ve a t i i i f , aoo« XnOicat* Vol. 
Kosiorowikii^ ancS iQaaiaraki« 197a* Bi^uat r ia l waste 
diapoaal* York* i^grei^on Preaa^ pp* 
xraanielii* K* and SaesaiNAalcii A«« l f 7 4 , o o e u m n c e oC fuercury 
in eeiiiienta e i I M M d a n y a t t}ie Aoutii of t h e 
Xnt tmia r i v e r (nartheaat Poland) • Sttll* Aoad. s»ol« 8ei*« 
Vol«34* 4fti-4«7. 
KraiialiopS, I f i S . Sedtlmentary deposi ts of cnre metals* icon. 
Oeol*# SOth Anniv., irol*9« pp. 411-443» 
KrisimaNttTthyt and Sultana* 1971* Miaroi^poridian 
in fee t ions i n Anopiieline mosQiiitoes anes t h e i r e f f e c t 
en malar ia l t ransnisaion • A review* Zntem* Sysp* 
Mviron* Agenta and t h e i r »iol« l ^ e e t s * i^disratoed* 
Kroesa* «** oiantsehig* P* and Stocskl* w,* 1974* QlBer den 
fittii^iltoeviehalt von rieehen aus eeen dea l<andes 
Kamten* wien* 7 i e re r» t l* »4on«tesea«r»# Vol* 41* 
pp* 14M7a» 
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ViXMtgm0 HUipme, x*, and MuiUts« 197S. 8MtlM(i«tiii0 
ae« QuicHsill)«C9#i«:Lt4Mi ^ i r Mftiischtt «ii£ dsn wmig^ 
pl&tmm (i«r <!«ut«cih«R Hodkmrn^-miA l»»t«t£i«eh«rfi» 
]Oamar# 1976* Pulp ana pmpm: milX irasttto* Abat«in«ni: 
r i v a r pol lu t ic^u mvicmm 
SiHciMidrafi^  Zn£lu«iice of v^ppor and 
lowar t^aperatuiro on t;ti« andlfiEi^ iig pwrformanc^ 
o£ T i lap in llo«9«Bibkiea» Fish* 
Vol, i m » pe . 4 , W - m . 
haSBmwmg 1973* tittwl contaailiiatioa o£ stio^, i f a t ^ 
mud Krifttma nmion, 
in £oo(l«i»i£f8* Annual C«iit« P lan t 
Tr«lfi* XEi8t»« I971-72. 
i977» msc9y motai |>oUtition i n l^^rodhiaai^Jos^^ 
m d t h e «£foct on fanna und f l o r a , 
smrism* Pollute« Vol^lS^ ie7*i98, 
T^ Em anS Hlnesal c^iapoaition of 
ir«iiiifatar» T«llii»« 8# pp. I9l«30l* 
hmmm^ 1971* 2Mc»ravantenta in tim f i n i t e d i f f e r e n c e 
aoltttlon of tiii>-(SlMieic^al diimwraicxi probleiae* na t e r 
Reeour* Vol,7* pp, 72l«*729« 
t«ee« ttKiiler^ R .h . and Mahloch, S^h, , i m , irnm m>pU-' 
ca t ion o i waete awMMfiala iwam <Sredging# eonet«iaction 
and dei iol i t ion proeeeaee^ fILeo* Pmp» Psepaved 
fev 0 i f i ee« Chief ef Sngineere^ Msmf* 
Waiftiliigton* 
i«ee# I9 t7 , ilole of hydroMoue l a e t ^ oxidee i n the t rane* 
pos t o£ heavy ne t a l e i n t h e envitonaent* i n Heavy 
a e t a l e i n t he aouet ie emrironnent^ M i t e d hy Krenkel* 
Pes^eaon Pxe«e« Oitfocd^ pp, 137-147 • 
t«ee# 1977, OontawiAation i n the Ifew York Bight . 
diecMeeion of t h e jmprng' of Mtieller# 
Andereon^ jr«rie« Vol, 49# pp« l9ao>i» 
1911, 
hmipmit, 1977« f e e t o t e e f f e c t i n g e v a i l a b i l i t y of inofiganie 
nutviente in eo i l e with epeeia l xefwrenee t o aiiefo* 
mit t ieAt metale^ Natural (hooOon), Vol«l43« pp»l»iS, 
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1977, o i t t r i l i u t i m o£ «olxit« mA pmetl&iXmtm 
^tm^ntm in Soutlwxn l«iac« Hlchigwti* iNroo. 
Xiit* CQiiff« Heavy mtm mwixm*, pp* 709*730« 
iittlaneiii H*v, and ifcffiica«r# 1974* ^rmpcant in « 
r i v e r •eof^r^tMi* Pmc^ tnt* Cc^* Tr«n»p» 
fiimtic &cc»3f»t*« i l l * pii»i7«»33* 
h l ^ m i ^ g f 1972* mnwraiogicia fttatiitois gold ore® 
In Soutii Africa* xn OoM ^lataUurgy i n aoutli A f r i c a , 
A«l«i««on# ^Tc^iaiiiiiwibiirgi ctmeimte of 
illn«» <a£ Bmtii 
Ifttii* I.f70» £££«ct« of itt)ort«t«em 
o£ i4«iieiaeu0 n i t i i i t» t** i M m m i t o Phmf» 
imcHDetiric h^iiroiiiae* Oileos* 2«7*»375« 
end no^tsin* m a * v e r t i c a l a i s t r i l m u o o 
of PhcxBpliorus i n LinQie^ Potna rnidt* U m o l * 
Vol* 7 , 57-43* 
E«io3rdi« 1965 • Factors a f f e c t tiie tolorcmco o i l^ioh 
t o ixQavf m&t^l poiBonijrif * Biol* Prdblasi® i n water 
P o U u t i m * 3r<S 1962* Oapt* H®altht 
Editcatioi and ««l£ar»« ps>« 
l«oxnlk« # Melleoniaii* A* and i%tti»m« f«*« 1977* 
Eiewona f o r d i f Sarant laad acscumulation t ^ griian 
alafie# aoiiia i^KparUaanta* soma augjeation»# sih>* 
'Cc i^ei^ aMyian* 
S4»vatt« c)ttt«Bann« 9alciuila« x*s*« Yoonga* i«*0*« 
i«iaic# 8iisdielc« a*S* and }i«rria# 1972* 
A aurvay of t o t a l eitOmbm contant o£ 406 f i a h i r o » 
49 York a t a t a rraahwatara* ^our* f i a h Raa* 
Board Can*« Vol* 29« i^* ia»l3-^1290, 
!«owa# 1970* Ttia o r ig in and d i a r a c t a r i a t i c a of tostic 
«raat«a# with pa r t i c i t l a r ra fa ranca t o tha matal 
iMduatriaa* Hatar Pol lut* Control** Vol* #9« 9f»*270«>280* 
»*# Sakar* a*A* and Mania/* 0*B** 1973* Araanic analfwia 
and t o x i c i t y * a raviaw* s e i . Total »iviron*# Vol*2* m 
P P . 1-12* 
S4iiid# l«*J*# Pa9a» A*i*«# nmlmm* C»0*« 1974* >«;vaii»aRt oC h a ^ 
laatala Moi f avmma diapoaal ponda* 7oiir* Smriron** 
Qiial*« vol* S« pp* 330-^34* 
Macltay* Xaaaiaoa* K*»*#willi«iM# and l*aadair« N.x** 
197Sa* ialaniiiM and haaty aMitala in b la^c • a r l i n * 
i><tr« Pollttt* 9yll*« Vol* pp. $7*41* 
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fioelitt?* K«»co«c 
Cooiiii«» «ik3 8*H«# m^vjt cmtAla 
i n e i t i t iv«t«d oyvt^ MTs eonaiiNrelali* » 
srncotmtfm ei]cull«%«) f r m tiMt mtameAm» if«if 
South Amt* HMT* ftjMtt 
Vol.* m» VP* 
iiatMi|«in# mA nt^tm* St(iaio9 cm icon tmXcltf 
In « fr«a)iimt«r a i r ]»rea%hifig OiamiiiiJMnctatiMi 
Sioeti (l^iacM QI?}il«ic«l^rialiiifc»iiB«»)# PIPOC* tidUo 
and T€»uie rnflfSxirnm* {lagar^ 
i979, Ttm r o l « of dXntaxv «»carbie 
agoinat oacgandchlc^rifttt In t&Si^lem 
o£ nana Uvonrioa^* Pcoc* detssim* 
iiuiai»Qliain#ar* Vol,* U # pp* 
ilid.»iuiat« l,97S» B ^ v f metala i n ui^ban 
Alia^* Xeit, Conf* liat* Wmixm^^ T&emto* c«46/48* 
1974« Oistcllaittion of cmtrndnrntm in pormtB 
mmiim Mlcm* mtm Roaoisr* V0l«io» 
^aactti, 8 . , I9S6* Frinciplci® €»« O^ociiflniatc^* Ycarfe^  
tia%lMr# 197^* Soaeonal variati<3n8 i n tim invwctalarate 
pcpulat lona in the ^ l l u t a c S sotia of r i v e r icriahna* 
Synp* s*i€a Toatix} snviron** 
iiafeaont t r m niatala* aquiUlir iui t and lciii«tiea 
of traisa tmtmX cmfi^wmm i n n a t u r a l iiadia* 
f h a a i ^ , Haaa.xnat* fitchAol*^ Ci t* •^Um o*^* 
Cuakri^barU C1977>* 
fiataunaga* i97$« Conean t ra t im of laareurr ^ t l i raa apaeiaa 
o t i i # t i r im Ji«wieee rivarai^ ivatura |SianiSan>« Vdl«aS7« 
PI»« 49»S0» 
Mesiory, chiit* Haibgan* Mlati# A* pKS 
VaiiAwPdrift^ I97S* llati»r S»olluti<xi from non-point 
acNireaat watar Raa«« Vol* 9* S9p« «7S«48l« 
i l«r l ini# ATciantaai^ a r a a a l l i # A. , O r ^ a n i « 9* and 
foaa i* 1971, Tha a i f a o t s of a u M a ^ l ammmta 
o i aadmiiMi and Mareitrsf on t h a tmuSoolijm a i 
a l f io- i$ i v f r a a h %mtiar f i t f h . Itadioaooleonr 
to mn ma mnrironiMnt^ RoMa« PuHil. iio«732» 
• i a i . Iklr. eoMM, iur*« Iia7->U44* 
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c«d«rio# ihkS ovmgimlt t h « unioiild 
MUllNli M * lKU>9«oaMlllle«l indiCAtor o£ Mltfti 
]>oUutian« Znt anivircxMiMKitai Siog«o^MRiii«tJOf 
CNwRlcxoblologiffVol* 3« KnpiMaii# Aim, 
Arbor t acU Fula^*^ 
Q»Em» ocmtg F«K»« Ki«hox«« 2i%«ifilani9«rf F^J** 
Rowlina, and oalmif l t72« f tweorf 
osfiQwitraticna i n mmmm ^ m c i m m o i t ima and 
HUllur* ^«tllt0Ofl# wim^^DS* Witi, C«ll*« 
m t c M l i f 
pi^iblm of S i l v e r ^ s r t h Xdaho^ Zitt« 
M m r si«fe«l.* a w i r o n . Toeowto, C-44. 
miOi* i m * m e e t <»£ 
Indiuitirial and ^stmrnstM wieimnt m tim mtmt q u a l i t y 
^ t im Comaed^ ^ i v c r n m i n , idaSio mtr* 
Geol* Pumrn, vol„49« pf>* 30. 
mfik« t*,!**^ milUmm0 r.jb* and E ^ f ^ 
o i %BxXf migting tspmemAtmrn m pipmrnt d ^ wat«r 
quayi ty* Gsmmd t««t«r« Vcii» iO# 31^314• 
A* and 1979, t*ak«i ai«d«nd 
ScDinli Origlsi# composition and p o i i u t i m «£ r«e«iit 
««diMent8« Oaologi j« 93«>l#4» 
Nontdivo* SmO^Sr*^ and fH^Kown* 1975» BnvirocHMiitia 
lJX|»li.cations of Mdimmt iMik a n a l i ^ s f o r t r«c« mtit&lm 
i a o f f i i » l l « < l s i l l . i x k g «i>wr«tian, xni 
SnvironnMRtal l^vofcaetion A^jancy* n roe , Conf« mvi ron* 
AiQMCts of Cti*iie»l IfM i n utMf^llXlng opmMonm^ 
ifasMngtctiii 
^mSm* M7m CMiiot t l aftiiiiilMria and k i n c t i e 
of MMimaiiMo in na t i i ra l waitora^ i n v r i n e i p l a a Md 
AppUc^tiana of ^jbrndrntxtg Vmmt$ and 
Mmitar^ J . V . Jaiin Wiiar «nd Sons n ^ r ^ , 
m x l u x t f * «id rianoli# 1977* iiwpeucy i n wmtmrwmy 
dra in i n t o t ha waah in SaatlMM# »igi«nd« watar 
Vo l^ i l t 3#7«373. 
|i|»irria« 197S« Traaa Matal v a r i a t i o n i n a«a m t a r of t h a 
»iiHai a t r a i t a oaiuiad ^ a bloaM of phaaoorat ia* 
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MortfliiMKii 1.M3* CcMpiwaiig oi s o i l lupganie 
•Mfttvr. Boll aeit 0oe . m* Firae*^ Vol«27# 
m m t 0 M m m a 19II7* a KMtiMKi f o r 4 ) M c t i m 
c«M«Ri poltcMii^ i n f i«t i* Smxrn ifiidiJL£« 
IM7* Heeiebiiiifjen SmiaelMii i«Mi*w«r<-}iocp«r# 
Sodens^aiiMmt und <^«iiiiiiitifi ttodwMWtt* Rutiixte 
i«il.iiir« %9Tfm* adtmO&tioitwn^timmtmt^ m 
MOioMiitlHiCiun mm ^km Bodi«MMMi*ZX* Histoviw^is* 
mtitixtkXwM3 vm Zm 
Entwleiatiit^ memmtimim M^^/ammmm^ 
«toif«i i S&.Hctiufforsrh* yo3.»9ac# 
9«llMiiit)e«ni«i» MM d«« SodkNiMre* ZXI* lUstoriaciiM 
tnimiidiavm Von »» ttnd mtr 
iSDtwiek Imi von BtitmxamA^tm mA m%f&fGll9e»m% 
semaHtimthm rnhlmmm^memt&Um* Z* Haturfacweli* 
Vol* pp* 92CMI2S. 
Qoa PvmX, r*# 1978* von 
lo^ftinifid eaaniim in vorscMtdNWMm csr^onwi iran 
Plotswi (autiius vutil^ t**t mm mcfmw vboA 
ftattteCocwsh** Vol , 33C# 
m i h i t , a«# orJUMK^f O, and Otilvi)itt# 1972, ScOjUnoatary 
nscoea of HMtalo poly^eifclie: acoaatlx! 
hyidsoearbofUi l a lalw Constoaee* tfatUKiiiscMicelMiitoii* 
i«ttll«ir# and ilicit«r# 1»7«, Smx* i^tDodlk von 
• c l w w i H t t o i i t t n f r n c l i i i i i ^ «iii fltil>Mft»««m« CHOP NiwMr 
AlhHMwer, VQiai7« «p«atO«23t« 
mA XAtiMCfimt 19i7« Oiii%ritiii%i«n of CSit, 
Qo «fid Ml In thft wid eedUwente of v m m e m i n ^ 
T M y mimit i««)uic KM, voi^ i«* 
VP* 
muqpHr, irfNA^ MKS M a l m j k o , 197«« 81wi 
gr««n ^Xgm* TJmix mmt^im of I ron s o l o c t l v * ehwlatoc* 
m M k m M M t o dQKlJMt* o thor algiMi, i e l m o * Vol*l»2» 
pp, wochmt* 
mxrrnf* 19M* K«e«nt m M m n f of t h ro* wiiMMiiAin lakoo* 
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metJny, S M t s y , v«ti« «IK3 m m t r n m f m B 1977. 
SMslonol miA annuttX var4«tiofi o£ grmmA caocmtxmUon 
a i a i r po l l u t an t* f o r Vl««Mliap«tiifl0i# Ind* lour* Beology« 
ll«ic«Mir«# Nilciiiot S* and Taehikaimir 1974* SadljMiit 
i n tiaka Siwa* IK. H a ^ laatal ^If^nanta 
prvaant i n t h e bot ton aadinents i n t h a aootham 
p a r t (fK»-fCo} of lak« Siiia» 0Ugm Haigcicxi f^jfoiloa 
siMitfiliia* 1974* ^iatr i lMtiQii o£ t r a e a alanaitta i n 
aadlfliafita q€ t h a fCiav RmtaevoSXm Hfclrdbioli ^oor** 
Vol . 7 « U . 
lfa8t«rova# X«X«» 19A0« ChawLcal ccjniijoaitiofi o£ thm auapanded 
and diaaolwad loada o£ t h o 0t» r i ve r* O«oetieiiiiatr^« 
Vol«4# pp* 424-431* 
tfaiiland^ s ^ i r i n p i f * E* and liaf»arm# 1978* SSiir Jmd^nicm 
e p u r m n a t a l l g i i i a l t a im i l i a Bandan waaaackorfiar 
und in Om 6adim@ntan an t l ang ainaa aafoactviittaa 
d M t o t a n Maina i n A^lshanfiglciit iran aado3c<»S>ot«ittial* 
pn und andaraon s i i ^ l u BgvoBan* Catana* Vol 
pp* l9 -a i« 
I9ic^aa# o*« s tannar* a* and T a r r i l a « N*, 1972. ssiiatriDtxUon 
o£ caxiRiiffi* laad and a inc i n t h a S r i a t o l Chaimal* 
t tar . i»ollttt« 8iill*# Vol«3« pp*l89*»l90* 
tticolf x*« Oarrat# R, and tiatob^ 1949* tt)a r o l a oC aoma 
a t a t i a t i e a l and mM^lMmatieal iMdala i n tha i n t a r ^ 
p r a t a t i o n o£ r a t i o n a l ^aoehamical da ta* leon* Oaol*, 
voi*44# w ao4*»aao* 
ifi{^iingala# K*z.t I97i* baad s i n e and ec^par i n a o i l of udian 
a t o m tvnoCI r a t an t i on haaina* Vol*47# 
pp« 4 4 3 * ^ * 
ifikUocova^ 1*M* and M c n c v a ^ ii*S*« 197S* f i i t a l t a o l » o f h i U t r 
and laad taediooganio anoMaliaa* A3batr* Znt* Cofif« 
Haavy Mat* mwlMm^, T o m t o « e-*94/9«« 
Hiaimira* H», 1974. Mg i n f i a h and aadiManta i n T ^ y a n a Sar# 
iMiiv* taleyo, Cit*« S u l f a (1974). 
mirngi^, 1974* Iiaad avthophoaphataa^ZV* i m m i m and 
a t a M U t y i n t h a anvi ramiaa t , Oao^Jhia* CMaoehi*. 
MTta* vol*M« jp|i«at7«ii«. 
Ogata# A*# 1970* fliaavy of diapasaion i n a oramiliriMdi%in, 
Gaol* aurvaiy Prof* Papar* 
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rniim, mm i d s ^ r fiim»mm^iLmlmd%mt* 
B«r« iOamMiMSt^etm* vol* pp^ 
ma f^mtm^n*, twrn* cmociarv lem 
X94ta In mihm snow* J'*t«*p«c*f vo l* ps»« 
oisocif fi9iiiit« v*!4« and fi»oc«l.iin<l« 
mtitxaef xmS^Smm i n fufclioaa Ritntioif»# PiMpt ia l .^ 
Pvmmlkm B ^ s m m m , ChstmSffMy mt^om^ t o fnetiml^ 
mmipemxy i n wat«r« invisan* Osfitam* Tootieol*^ 
Vol . X4« 12M34. 
Oiig* 8iiagsiiaii# v«8,» and 1970^ na^mml 
organic m «g«iita o£ chamical ifOtttlieirli^* dooi* 
Ql>ocoiiii}t«« l aves t i aa t io iu i on tl i« eacit«fit etsppuv 
lit panSii of »Geitt r ^ i o o s of Polotul^i i^ota 
Vol* 18« 
'Sxoieo olciaoiit® In XllJjioi@ PomiiiYlvanian 
li8Ki0i;Qfi«o« I l l i n o i s s t f t t « a«ol« s i t tv , c i v o , 24$, 
Ovairlio££# H«afid n m H , I9t8» Biol<^i«cSli «9o«at l i i l lo E l m m t ^ 
("s^nxmrnUmmtrnV* omu AtsttMmtt, ppm 
P«g«t A»t#«« 1974* m ^ ^ t m i t M ^ t r a e o olom@nt i n tmtitgm 
•IvOgm i^ MMi t o « i ^ e t i l t t i r « l lami®* A l i twra tur® 
mmtAf* cimimmU/OhSoi (Miicm o£ «IKI 
ntnr«# xnvircii* F r o t . Snvivon* 
emu 
Fftl« a** I9ini« ci«8«if l ief t t ion tM gwomA i n Pmif tb 
ftt«t« A rogional stiiSy* Proo* 47th 
v o i « u « dp. l a ^ i s s * 
l»40* «mS«fliio fliiovottis m south 2n<Si«* xnd* ^our* 
Vol* ! •« |>p. 
1947, Mtmam marimm t^mmlmtry o i oxi<Stit 
ooi^plwi oxIAm itiiMTiils* Xni BvttilitoKiuni eaae«pt» i n 
mmtwe^ wtmx mf»%mm* IMIV* OitiR* if«ahiftgton« 
x>«c*t AM* Clitiii, pp* 121*140, 
l f77* i f f o t s t s «C ac id win* ii«tt«« on mvmtiMS 
m m f n m m * m%m kix s o i l Poliiit*« v o l . 7« pp«333«>9ft4* 
X** l f73* nrn upvwiAing o i hMiry Mstals i n f lowing 
mUmi i n t ho vogiion o i o e c i t r m e o o i n«tutf*l 4 tpo« l t» 
o< «»MI Sine mA lm&& Indltwtsy. A«t« iiydtoliiol* V o l . U , 
IV*I4S«144« 
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Pwtmmak* ie»# 1974«« Vbm mmmuX&tian of tmsm i s«Ul« i n 
t h e teottGii ««iiiMHi^ of tlM ri i r«r Bia l* mi«iMis« 
«ii IndUeiitor of fetittix' fprwadULni ca(ir«wi# 
«iia tn in i i^ wmAidixig 
ig^hmtximrn imtm H ^ c M a l ^ t Vol* pp* 
PtMmmtkt X9741»« Th» influttmse of th« po l l u t i on o£ a 
s i n e plants ! i l« i t«es ia s i a M m m t h e co»t«nt of 
•i|j(!ir<»Hil«fii@rt£« i n «n¥ivoiiiii«nt oC suxriac^ waA^^s, 
Pm^mmeki ozid ouiwki* 8Qfa# trivs^ in 
«o i i» of tlift bottdft o£ Ponas* So i l 
wid mvsnlmSjcm, 1970* Ps^Umliuiiry invvs* 
tigaU^ons on tim coa%m% o£ tooiA tr4C« components 
m mmt&Be mtm ^ aout%h<mi 
Vol . i.a# 
and 1.971* Itfie va r i e lx i l i t y o£ 
CQPpfir^ s i n e itfid siangafi«MW (sontioat tlm water 
o i ©came r ivasa^ Gtcaassa iKid casp ponds* ^ t a * 
Vol* m « a 6 8 * 
1975* Vtrnmemaiai^m^m vS^ Hai^p^iii^ 
m a Mm i t sb iUala rbacka i i fv tm sdxMar* 
8i«tal.liifi in iXmiMMm aa^iiiMiitan* oiaa* imiv* 
Haiaalbarg^ pp* 
P a t r i i ^ f it*H. a m t a m l U lOiaiid* 1977* 
PhyaiiQlMshaiMieal faet€>ra r a g u l a t i n ^ iN>liil»114t:r 
liioavailal»41it|r of tooiic matala I n eontiMulnataci 
aadUmanta* Jour* Atvixon* 9ei« Haalth 
pp . 47i -49t* 
Pattavaoii# C.C** «a t t l«« aaiaula^ and aaciiatt# 
1974^ « Yranaport oi, p o l l u t a n t laad t o t h a oeaan and 
wltiAn mmm acsoayatam* Xnt Mtriita Po l lu t i on 
T r a n a i a r . itifidoiii« K«t*.« otic:a# («la*)# i«a3CJlngtont 
0,C.Hea|l;h« pp« 
Pmmmm, and ilaci|ifacd« 194a« Muiaarieal e a l eu l a* 
t l o n of m i l t i dmana iona l fMaelbla diapleeawant* 
Sm»x» Soe« P a t r o l . Bng*« Vol* 3(4}« pp» 3^«»339« 
Padan« Crothara^ wa ta r t a l l * C.S* and 9aaal«y» 1** 
1973* Haavy i ta ta la in 9oMaraat Marina OrganlaaM* Nur* 
9oll i i t» Bull** Vol, 4« pp . 7«9« 
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ftMi Accumulation wkS m%m%i<si 
s ioe^ iS and iti«94 liy ttm pXaica 
4fomm mq^i. ftnr* RJCSX* Vol , 
4«i»« WKi Co-iS«« Ifsutr, Mac. Bioi* Sco l . 
Vol* m* 
PJtoklliig liquoutrSf s t r i p n l n M OIKS 
gxoundMW«t«t poUut ion* Groi]fiaw«t«r# Voi* i3# 
PMiiips^ « cor^^ If«y»3«i la^ftilia* m m 
i i i t l ic«tor o i p u l i a t i o n toy Sim;* ImmA 
I* E££oet« of mavixormmtAl vaJtiablM on 
uptiilctt o£ fstttal** ^lar* 8iol»# vol* 38# pp , 
SmW^ ntwi !««fiiiox« 1976* ^QBierical e i M i l a t i ^ 
wasttt ffiovmioiit i n tftiia^y g t o m ^ mtmv i X m mfstmm* 
m%.&e nmmgrn vol« 12^ w * 171«1@0» 
1944 • h grupliiie i » ^^och^mical 
i n t i ^ r p s ^ t i o n of afialyai@« c^oi^yii* tmion« 
Vol* 3S« pp, 914«»23» 
PoQo* C«P«C. ana Sliiaith# 19t<l« i fa t r i« t i t p r o f i l m 
o i bsrsmiiuioiit* Vol* m * w * aoo7«2oi7* 
Pot to r* h^, mm, and ttt^iOiford* 197S* W e i i r y l«v«l8 
in Poifttll Biotfiplif i c n t i m iB«ceuiry i n nan* 
dmmmt twmmvoSx, snviron* Sei* Tvehnol** Vol*9# 
pp . 41«4«* 
»rm%mc0 IfYS* aMM;«l cmtwfi t and 
duuracstMPiattio* oC utmlwmitm, «flltMMits di«eii«rgiiig 
t o t i l* Mi ia r i r* watMT Po l lu t* Contcol*« pp . 
PewwMii, V,« I tT)* Contanuto d i i M t a l l i p ^ s n a t i i w i • •d i iMnt i 
d«l l«go lugitio* AMiit* Rap* hiim t m m o X«pr«« Xtalyi 
liuratc9Ni« pp« f4*101* 
PVMtofi* l « t f « r i a a ^ aiitton« H«rvay# and 
• t aa l«# 1973* ooneantvation o i aa lae tad 
immf a a t a l a in Bmm watar* mviron* Pol lut** Vol.3* 
PP. «9««3* 
Ptmmm, K*» and KollMuin« 1974* t ia ta l lga i ia l ta i n maraehlaia* 
liaii. Natiwtfiaaaitaehaftan, V^l* %U PP« 37^371* 
Pfoai# f*# 1977* gqftmwnnatalliBalaatiiiHi i n dan aadimantaw 
#Mr t i t a n s u n i i h r a hmmiximm m a l l an i aeha 
^•i9«iiiaiMMi» i^iaa* tuiiv** WaiiiallMii^* 
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iidbo* r*t«» «nd nmtmc, l,977« Heavy n«tfti« i n Xtikm o£ 
tD« CcMKtr a* A i m i^iver v&lley* i9orth-i»«et 
Vol, S I , ^ 
Hmmlf AfC* and C*G«« 1973. PoUutidi) 
o i flaln Civens* Jour* EnviXGei* flo«lth« 
Vol. i S , pt* 100-U0» 
mvi ft^t 1.978. Certain chomical paroi!w»t&xt} 
as l i idicatore f o r contamination o£ wat«r mi^plf 
eymtm* intrnm* tyrap* Environ* Agwits 
i»>a th f t i r S f f o c t s , 14># 
aiiiian# 1077* w^tor qitdlit;^ cm@l^eatXm0 f o r var ious y s ^ . 
Proc, wocHshOi? m t e r q u a l i t y and i t s nieaimcw^tSt 
mm: t^mlk, August^ l$»77. 
{|«fileQi!ia# itSO, 0«K)clMmi8try« Univ* 
Chicago* Chieiigo, 111** 
iiao« m^xiMs maXth md zocmmB, in tern* Spi^. 
environ* Agontii mSk t l t ^ i r Biol* Ef fec t s* i t f d m m ^ s 
ltao# S>*@* flao# ?«*V*V*« i97S« Ground m t ^ poi iut iot i b^ 
liKSvietrial wa8t«9# Znd* lour* Emrirm* Health* Vol* 17* 
Ho* 1# ppm * 
a«ic«V*, 1974* XncKlonoo o£ i l u o r i ^ in grouitd ifat4»r* 
ProG* riuoroftie** pp* 163*173. 
«ao« and It** 1978* Baetttciological 
po l lu t ion o£ drinking «f«t«r rttoourctis In and orouncl 
th« twin c i t i e s of i l ^ r f t b a d and Saeunderabad* 
xntwm* Symp* Environ* Agante cmd t h a i r Biol* s f foc to* 
Hyiittraidttd* 
it«o* T*8** 1977* xapanding dootruction cdt Tajnuihal* Proc* All 
Xnd* MMk* Environ** XniMict o£ Oovttlop. Activ«» xnst* 
Xnd** Hydarabiiid* 10*17. 
tUu>* T*8** 1978* Pol lut ion o£ T a j n u ^ l and i t « environs auft 
t o thft proposed Mvthura Oi l R«fin«ry* Xntam* Synp* 
ar^viron* Agwita and t h o i r a iol* S££«ct0# Hyderabad, 
pp* 8*3*2«4-27S. 
Raahid* ii*a** 1974* Adaorptiort o£ siatala on aaaimontary and 
paat hUMic acids* Oiwi* Oaol** Vol* 13* pp* 115*123* 
itawal* »*€** 1978* Quali ty of r i v a r \i«atar« of India* Proc* 
47«}i 8«s* iMision* c*8*i,P* ilubli -Qliarwar* Vol.11* 
m * 139*182* 
82 
1972, The 4K9ei»iil«tlon o t mmmSjc Cram «xiMRie« 
r i c h n«i^ttrttl wn^wm iMiisat^ ic: Scm^ Ai^l* 
SCQltf 
D.s** Mid SuimkS** HhaBerleal «iaul«tJ.on 
at iHapmmioti i n gxmnAmiibmt maa^^^* Hfis^^xig^ 
4I0 ColoTfldo Stttt* w&ct ColXimt Colo«# 
sap* 
and p9lticixS&0 &t£«ct cwSox 
p o t o n t l a i on tlio s t a b i l i t y s i n e and eopsMsr c h a l a t a s 
i n S i o o M Aoiia* lour* So i l Sci* Soc* Am** Voi* 4i# 
RdOdy^ ana S»«trie)c# Id??!)* S f f a c t of rattoe 
p o t ^ t i t t l and pR on t h a vptakv ^ cadnium ana iaad lay 
rics® piafita* Jour« Snvircin*Qiia].*« Vol* ## 
1978* Treatmant wiatae and a f f l u a n t a firom 
coa l cmehcml»mtlmm Wamltm^ Giants and 
fOmXv a io l« Ef£«et8# R3fdarabaa# e^* S * 3 - m * 1 8 0 . 
m m * C*S* and SMith» 1.976. e f f e c t 
csrataina poa«^>traa%iMint on oamaa i r r a d i a t a d aaeOa 
o£ aosftg i^uBi* Xntam* Ssmltm* hgmtm and t h e i r 
Bioirif if iocta* tiyde£al>ad« pp . 
StehMoidt* iCarlaiiaa»»tatiiHrafii» o* aiKl hktmmm, H»# 197S* 
Mttaayramant and d ia t r i i au t ion o£ va r ious haavy metaia 
i n «ti« Ottiiuiba ftivar and Oenulsa cana l assuatic coamwii-
t i a a i n t tw v i c i n i t y of Viaima^ Austr ia^ Sci« Total 
ttiviron«« Vol* 341*348• 
Eansof}i#A«, Saeei* X* and Faleia# l#«# 1973« Narciary coRc«a-» 
t r a t i a n i n tlia i iatar# aadUMwita* and Mmmm of an a raa 
of «ha Tyrxhanian coaat* Rav* Hit* OONtfU^ir^Mad. 
m 4 * imuat ie l i f a anS M aoid «MBtion» Proc* 
i t h Aim* X n ^ . icaataa* ^a««r Fo l lv t* Control 
Raii«ar« mna Pavdiia* S«f4*« 1977* m ^ c t a n c a of haavy 
Matal«>oc9«fiie a ia t tar i n t a r a e t i o n a in n a t u r a l wa ta ra . 
Oaoehiii* Coawoctiim, Vol . 4l« fP* 3ti«*334. 
Aie l iMf ci«R*« s« and ja tnann* 
1974 • taa t iwuntf von ««iaakaill»Mr und andaran 
ipUNMMilMitan i n acHluniiiiicutoiin daa Haiwiadlaraaaa 
Bar* OatiMrr. ftttidiaAaaa. A%mmmeglm 
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HoiJiliMati* 1973• 9mUmm% our gtmtmt pollutmt? i n i 
ioeus on m w i x o m m t ^ •eology* 
nmi lem^ki univ* pp* 
I97a« Kop«urv«f9i£titig in ^m* lot Rqpor in 
tUH.« lliitlMeiillUtenM 
FMitiaiao und aceli«d»toi£# i n ltJl«<p 
aesrh«iiuUielMii Biidht imd Kblnmr 
itftst«i#«t«um Vadosc o£ 
rcMionttit OttoOMOticikl i n t u r a c t i c m * ^conodi m^at^ 
Vol* 3 7 4 - 4 ^ , 
^ SchlftiehATt 19S6* CiMKBical. eo iBi^ i t io f i 
of mmstmcn Km«m oeol* Sit$v« Kaiuiaft, mill* 
pp. 8 M 0 3 . 
B m m l 0 m d 0«P«# 1970* Cc^per t o l e r ance in 
ttao mosrifiw f o a l i n g o l j a Sctocurpiaa mllAculomm, 
m t u t e CliooaonW V o l . 28&«289, 
and S inc l a i r* 1974* Fi^fitor analyxiia oC 
atraasi mtiMment gaochdaioal da t a £roA Houiit Itanada 
Aroa# vmcoo Tar r i to r^# canaidd* rfi{ioral«ae|»emita« 
Vol . 9# pp . 
aaioBtana, w. ana Daa«oot# 1978. £>olliition h i s t o r y of 
t m c a n a t a l * i n a«Siiaenta» aa aSfac taa by t tm Rhina 
Hiver . In t Bsviroimaotal !iiocr«oc$haekiatrr# Vol . l# 
minl>aiii# (m&*}0 ma lur&or S e i , pp*l49«l«2. 
S a n ^ i f !••!>*# 197S. i^iicNmiological a t r a t a g i a s f o r iOant i* 
fy ing anvirorKnantal aganta iar l icsatad in a cturanic 
d iaaMa* vis*« Caniear. Xntaeo. Smpw Bnvinm. Agfaiita 
ans t t i a i r B i o l . i i f « c t » # »ydaral»ai# pp . 
8arltka# Ha t tu la t ^anatuinan* 7 . audi Faaaiirir«a« 
1978* mmcmty:'^ aadiiMiita of lalta PmlSmmm* tiiilan«3« 
a n i l , anvicoii. con tan . Vol . 20« pf>.2l«>a7. 
Sar tor* Boydi« o . s . and A«ardr# F . J . * 1974. miume 
p o l l u t i o n aapaota oC atftaa% aitrfaca fumtaniinanta. 
Vol. 44* f«>. 4S6«4«4. 
tfatakta* if.« Aaano* T.* Yanwoto* K.« Yon^cubo* T.* Nagaoaa* Y** 
197S. Oiatri lRition o i liaavy mataU i n laic* itwa* 
rialMi DaigaHii Kogaiw^ iCaokyii* Vol . 2S» pp . 10#« IU . 
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SGl)«ts# h , , dMCQfiixi* seh«U(# TTflwlttiimiir* 
Cl«il«U.Qii (Mi«iiMtr«tiflii> « • A b l o l ^ i c a l 
iMNithttring f a c t o r i n PttdtogtfittBJUt* Aioadl*aeii,# 
pp. 44-51, 
a i^ i f t ia f tmr* o t n e r a l t h so r^ of In 
i»omis madia, l o o r , Otophys* E€I6«« 
utmim hmi Sa^amMmti 9im 
ioindaich* IiitAcprtttttidii* Otsch* 0«M9«8««E9»8I(SI« 
@ndl ii»Ili»aitfi» fl»» 197S* A«tits«t«n tind 
Hwrioiiift von ^ink in Qmmtimcnm mm&m^  
»9m%0 omimmMm* KMmmm 
lt*« Ttm ttmin%mmm9 onS in^i^covament o£ s o i l 
i i r t i i i t r t t isoki^ t h « fi^lio^ion • loa^n te 
and t ir^^^f l in^tf i* nmvxBX ^mmmsm 
Vol. 3CM$> 
6clmiti3«r« and mi^tt o£ o t^an ie 
siiittinr from M t o o l i c a o i l e iSiltxt® 
i n o s ^ m i c Can* Jcmr* Soi i* S^imt 
89*9S* 
Setiaia* B«ia«8# % and litwii}# 1976, Waa in 
t ^ nmrine ptiftoplanktcsn offgonisme, a i o l , 8i»Xi«* 
iroi, i50# 
aiaBiir# t}»ir* ana iiarltiMii^ Hwrieoi ana 
i fMiytica] , •olistiorto of ^ttpmeBloa pKdbtmm i n 
gmmmm an^ Imstmemd «piif«m* D^ i^t* Civil 
TmOmologf* c«iiairl,«ig»# !<«••« 
aiMKiir* ii«ir« «fia mx tmum, o . E . r . , m 7 « « tnuprntmlm i n 
porous mMii«* Hvdraul. Am* 8oc, 
Civ« aiigr*, m « 9 3 ( i « S } t 9f>«237.afO, 
Sfhmix* and HsrUmwi* m 7 l i « t iumiriesl so luUons 
f o r d i spors ion i n pocous MidiiaiiB. ^ t m t Bmmmg* 
sii«piro, 1963. Nstiiral eo l e r i nv mOmtmicm of watov ancl 
t iMir fTttlation t o inorganic ooMpofMinta* Oool* toe* 
AH. Aniiu» ila«t»# 148A. 
ShiiMjro* i^t^ * 19i4« I f f s e t of yollow organic m i M on i ron 
ana ott iar n a t a l a i n wmtmCm jroiir« a h , i tator i ^ r k s 
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rnmmmt 0*ic«# 1977* fea tu rae •« InOicators oC 
•RviraiWMiitAi pol lu t ion* AJtr So i l Pol lut ion* 
v o l . 0« p p . l M t * 
SiMiRift^  a .K, aiS3 cmtiol* variAtioitM 
in T r i f o l i w wmpM am ind ica tore of wwiromwitsl 
pollt t t ion* mvicofi* P o l l ^ o r t * Vol.*S# 
mamtkg <3«R» ana I9t5« m v l r a m m t e A po l lu t ion i 
h m i cu t iou l a r |Mi%t«sii« in Tri ioi iuai t*» 
mmrn* ^ BCQWi^  i974* Thtt tmieitf •enne 
£onR» o£ e o ^ t t r t o r^inboir t rou t* Hotter Urn* A«eh*# 
ai(Miqi# 1979* qt ia i i tF s t a t u e major sioifit 
aoMupeea f o r watar p o l i t t t i m i n Saharflnpar d i s t r i c t ^ 
^*S»hil* i»i®@ttrtatio)i* Migarh 
fitmUm mmmeiiXtf, Migmti* 
IMS* t r a c a alcAo^t r s sn i r am^t i i mmm h&imgm^ 
hm^ I9lrtsch* ror«cm*# I»ii!>l* 27* 
S i n g l y 1977* XniiuoncQ o£ disaolvadi oiegmlea on t h e 
<liatril>atiao# t r a n i ^ K ^ t acid f a t a oftioaivsr laetaia in 
a m a t i e ayataii* Zii> Fata of s ^ l l u t a n t a i n tha a i r 
and i iatar anvirotimant* Par t X« Siiff«t« x*li* 
Hair toxik, pp . i s s^ ies* 
C.l**t i97ft* OalinaatiOD of imi tabla «isiwifara and 
•naa t a a l t boundtfiaa i n !faii |hil araa« <l*t>.f 2ndia« 
uaina 9«oalaot«ioal aoundinga^ laStti Anrtiv* oaol* 
aiunr* £ad*« Saetion |^*]19»3S« 
Sin9li« O* and MuMr^ M*« 197»* «) t iUty c i ty and i n d u s t r i a l 
pol iu tad liatara f o r i r r i g a t a d pitrpoaaa* Pom* 47th Raa* 
i«aai«fi, ifiibU«4»ianfar« vol*U» si|»*l07«.m* 
0*K* and JNgmxmO., f»*tc*« 1979* A ecsR^^atiira atiady of 
attywtie vagNitation of two p ^ a with apaeia l r a fa ranca 
t o t h a i r phraioaX elMMioal anvironawnt* l^roe* ayvp* 
hlim and f o x i e aaviron^^ ft* iiagar^ ijp* 40* 
SlAffhal* tl*lt*» 9in«hal« H*8*S* and loahi« 197»* Hi ta r 
q u a l i t y atiidiaa in r i i ra ra , canala and raaarvoi ra of 
t f t t a r Pradaah, Proc* 47th fiaa* saaaion* C*»*x*p.« 
rnAl^mmmf, ^oUlU pp«XXM30« 
ffliai# »rica# ii*9* and Calvar t , X973. Parti«!iilata 
MataXa in watar of aacf Jocd« ifaat m x m t * Aiii»io« 
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Skml« S«i4iia0rii« ana ^itrcucf i n 
Planlctafi Circn « f joxd* naxm 
P o U u t , B^aUtVoU 
oTKl mod^ fi«tf*# ^ M o n e o 
f o r cmiph^aimd copper Ici s«a wAt^r* t'latur*^ 
Vol. a i 4 t pp , 377-370. 
1972.* ffiifio po l lu t ion on 
Watftff t^wmxrn cmtmc* Zivliana {iniv*# 
^t^eport t o ti«5« iPollut . Ccmtiroi* 
i8oso« roc, pp, 
Soicf!m# KrooR^ri 1971.» Siibuirban Vi^iaaifiefit o£ 
cu ra l lanti us«s c^floctodt i n th® |}oU«n ra^n o€ nor th* 
m'^ f l ioeral 
i n ^xSxiiking m ^ X f in I n ^ a * 
Basmmm&mmg ana 19^7, Tha ^^ro i iolnt o£ 
c t i a s ^ J o u r , CoUoiS* Xn t i ^ace* 
Vol* 
Stanyal* and Q t ^ a ^ 1978* 
A coQipDeteiBive »txjdt ^ eihmlcml et)itr«ct«rii»tic8 M 
murfaco cmd gst&m&mtmc* Froc. 47tli m&Bim* 
fiubli-43lia3nf«e# Vol* 11^ m * Ul« l33* 
m ^ 1972* tirmiusa i n ctm M £ttm 
tfoe Gulf o£ Nosctco di«tr i l3i i t iv« iarovifie«i Anomalous 
CQiiBMtf'iiti.ons, Vol* 17S# iei«nc«# ppk 1^29^31* 
fm0 1948* Piromisinj «nt i«pol l i [^i i t t t e t w l M t ^ j w t 
WTA »ro t«c t« f i i» i £vc3iii GQ$qp«r «n(l s ine* {t«tur« 
<i.Qfi«ic3ii)« voi« aaa, ps>« i34S«>i344« 
SprvngNil* ubttr piXmumitimms mmmmmae* mnA 
mmmmmrn M I M . lCMtiMN» tl«tisrliiir«« Vol.8« 
Pfy. l4S«»2ae« 
8i;iir«nMlu» «fKt Ch«tiaiuiri^ 197S» Modern ooncM^e o£ 
lf«fe«r m t r « t i o i i « J o u r . X.K.M.w.^ Vol . V3K1, Wo. 4 , 
339. 
Sr i r«n i lu« ii« mnA ciMMdhiitri«m974. Dual aitdio coa l smkS f i l t e r 
and i t * v i r u s tmem^l pot«nti4a* Zna.Jcur* t n v i r o n . 
HMlth* Vol . l t « Ho. pp . 77«M. 
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$rir«Ktlu# lt« mnA amnSBMXA^ Recent rwoawcdi an 
viru» rwmovAl W w«t«r f i l t r a t i o n * xntcom* Bfiep* 
fttviroQ, Ag«fit« m d t lMir Slol* Sf£eeta# K / d i r ^ a d * 
tHiat i 9 htimic «cid7 JTour* Clitfn. 
3t«iin«r« ii«D*« avid {9icia«&ii# 1974. Hwnry fMitale in 
oxr^^iniM th<i At lan t i c coa«t o£ Souttwwest 
and Portugal* Vol* pp. 69-92* 
@t«notrQ»« T, and Valit«i7# 1974* C & M m antl l aa^ in 
SiMdidh ccs«irx«ial. tmetSlimmm, Asibio^ v o l , 
W 91-9a» 
Vi«ta* Hutchinson# 0»t«* anS fBeaiper* 
1967« N i t r a t e and o t b ^ water ^ l l u t a n t s undor 
ilmld& and £e»llot9^ isnviroo* aoi« Teciuiol* Vol«X# 
7 3 ^ 7 3 9 . 
st«»art» Caro# 
and Fara^ 197S» con t ro l €>£ water siollutiofi S r m 
crcfp l and . J o i n t repor t txir ims^ic. ^ec* servioa^ 
£>%3t« of A ^ i c u l t u r a » and £nvicon« 
export ^o , AiiSfVS**!^  l l l pp* 
stocHner, ii«Kiacn# 1967* Tho auccaaaion of di«tc»i 
SucGm&iUigm in t h e recant swiiiaenta of l a ^ i^ahiiiTton. 
O c e a n s . # vol* ia# iip. &13-S3a» 
atofan# 1974a« a i e i a l e mmXtgUtm m e Verdaelcte iilai** 
ve^if tung* eim Haaaaf^phao m m f lusfisaaaer^ 
s e i i c o e ^ * 
atofan# 1974b, Osundheitlicha t lo«^twer te f u r aeliadatc^fe 
i n TrifOciiasaer. waaaer Abiiaaaer# voi« 11S« 
m/aHnmt 197S, M o t i o n of green al^rae t o tiigli l e v e l s of 
eosapar and nieltel in aqmatic enviromiiant* i>>roe« Znt* 
Colli, Meanry iRvironii,^ Te»ronto« Ont,« Vol*Xl/X# 
Si|>. 137»lf4. 
Stokea* F.M,^ Hittol)inaon« T.C, and !^ai)ter« 1973« Heavy 
n a t a l t e l e ranee in a l^ae iao la ted from contandiiated 
lakea near Mbi i ry# Ontario^ C4»n» Tour, l o t , « Vol*il# 
VP* tiss«314i, 
and HoaQen* 1970, n t u a t i c chaniatr i r , Crohn 
Wiley and 9ona« 
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miMaem* x* and ciiaiuii«n# 1978* S m l s o i m m t a l cihamiculs 
and tim l i m n g«ci9tle h M i t h * Zntttim* m v i x m * 
md timix Biol* Mfvota^Hyae^ralMiiS* 
T« T* ^mtl C«t 1973* The chiniical, fosM 
Enviroti* Cantmrn Toaacftl.*^ Vol . s^* 247*3SS» 
3imJU)0# ana r^itchsU* I960, d i s t r i -* 
S9ixtic^ i n mil pcisiXXm^ S o i l Vol» 
Pi?, 347«3«8» 
^itfalii i i t l i^f N a t i o n tirweaittg* XZX«XiiteRi* 
^ m s o n * €«« lEifig^ Oo«i»c* and umml, 1973* 
nereiarr zmmt^ £xm wmte water vSth Atacch mnthatc^ 
catimic polyamc em^lm* Brivlmi* SdL« Vol»7t 
asKi 1972* dioroctar ciikS itipii«» 
iioone© a i highway inin out w&tissm* Wodhln^feoo Highway 
Voe-b^insagmwclc^ s>2le am aordrand 
d ^ fCdImir (Moiir* Vbi* 34# 
and ICticeiav* 1978* intespttaft&tixxi o£ opmrrnfm 
iMitai p o U u t i a n l a £ioirlxig waters and tmm» 
o i MffiraiscMcai gvouping m^y^le vming two ^timmnt 
mroK ifidlctto* C^^ Mmai^  Vol* S# 
T^MdkA* ISHI9* St!iiidl«« on t im t o x i c i t y ti^avy matala t o 
tma^e mimala md tim f a e t o r * t o 4eeriiaa« tiia t o x i -
c i t y . m i l l , ToKai sutg* Fiati ttab,« vol* $8# 
Tai9«n«itat T . «iKt mm^nHmtg, 1974, A pr t t i io tor-corraetc^r 
BMithod f o r solving t l ia C!C3iw«ction«dii^E>«iraion f i l i a t i o n 
t o e aidaorptiott iti poroua madia* m t e r fi«aour.Raa*« 
vol* 10« pp^ IUO3-10U* 
Tatakaiva« NaUoMMra* and Nakano, 1975* Tha po l l u t i on 
o i tha M a Siva in t h a l i g ^ t of t h a d i a t r i l M t i o n o i 
Haavy na ta la* Proc* Zntam* Conir* on t h a Htaiiiin mviiron, 
I^f0t0# <7apan« 40a«407* 
rhmwt^ t 1870* Otoaaevation aur i a namoisa da M* Fr iada l* 
c*ii*, voi% 78t PS*, m a - u u r " 
t t ioi»ton» 1977, S i o g a o ^ M o a l atudi&s on aM9lylMSaAuni i n 
tlia %i i ta« K i i i f t a , Xni »tolirtManiMi i n t h a aiiviffefi»ant# 
Clim«U« «*R«# Pttaraaiif ic«K« (•da.)# ll.ir*, 
NMroal a m m ^ r n t t * , pp* 341*189. 
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Ihoxntan* X« «nd mUh^ 1973» mviM:oammfl ^woc^MMilatm 
acm xmemt studies in ttm tMitiid KlAgdoni^ Xnt ttmm 
t^^tmmm i n wmisotmrntfl fi«i|iliil.l# 
' a » m t m 0 Z«« ^aXtim* H« m& D«rraeot%« A** OsoaiiAieal 
s t u d i e s i n Mwaral iriv«r» end «stiiavi«e i o r o ^ t « r 
vmxing* Sci«Tot«l Snvi(on*« Voi*4« pi>»33$«34S« 
TOQirisn* Hyman* ana 197S« A 
Kinary ^ogibSjo vtmm c l ;a9«i i ie«t ian o i mam Bmth 
AMtixsm iapemnammtOf mtmsht Voi* 
!<•# m t t t r spui t l ty p K i i l m i n eastaxxi 0«a9ui# 
Ziitesii* Assoc* l l y i l r o ^ l * aogrioat Conf* 
TsiistiBia^# on^ sukiiriiaotot 1,975 • The o r i g i n ci£ £liiori<le 
i n smrf ace t^stsors i n t i t s IMsflcko £iauntaifis« B/ogo 
Prtt£ttetitrs« J ' o p ^ t J e w * Oos>»aQi« OoqIcs# Ci ty 
TsommaHi* n , ssl{itrsnoto# Oviss i s o£ tiig^ 
fiitocicSs tcntsc i n t t i s R o ) ^ foun ta ins # f^ogo ^esfs(3ttiir@# 
<jrspan Oeosei«nei»i# osalcs C i t f I^iv«in9fity# Voi , soe^  
'Xylor* snd iehielciis^# i973» ^ U i t t i o n of s t s s n s n i s n 
r i v s r t3i aiins sCSiuflntu* OMMiicsi svi^snos* Zfit# 
^m* OsMfntsn nf^xdbkQX0 0 Vol3&# pp« 
muOaws P^hm snd irsrii«v« i m u Cwrtsin c sgMis r i t i s s of 
MigrstioR of listAls $n n s t u r o i watsrs* o«ochsiaistcir« 
ui« x i t M T * , m i . n m x m f i n t h s AtSsistrie* Msr* 
Mint* mau, a» pf»« 
Undsmsod^ i97i» Trstts s l snef i t s i n tmausi snd sniiftsl 
t n i t x i t i on . 3fd M i t i o n ^ Aeadtemie P m s « 
nth** ^.H* Mid Bi igh, 1971, Vrsliiiiiis ry smxirsy o i tMMiiry 
Mits l contss ins t iof i o i Csnwiisn iKsth ws ts r f i s h * I m s * 
Wimh iUHi. sosxd csn«* Vol, pp. 7M«7i8 . 
Ut»fe« Attc»« F«II. snd llofsr« 1973. u^ptsks «< 
nsvoury liy es0s« rsliiboir t r o a t (•sl»09«i»iiMri} i n th« 
asslffstshssfsn Kiv«r« Jour , r i s h Ass* Bosetf* 
r i a a m k m ^ t 1973* Msts l l s i n itsiMispcosssssii. OmikIs ttt* 
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Vm F<yiiri«» H»0* and^ VI«gg««rt i97S, 
e l r ^ a n t eonemixi i t ians In iMrlnft os^aiiJUims frcjni 
the i«tt«t 094uit M r i c a * l o u r , a«3i«« v o i , 
v@sma« i i K m ^X d^onit ,® r e l a t o r t o 
SntffiRi* syni)» 3troiwitolitii9# Oeol* mutrv* Xfid««iMaipur» 
pp« 3a>*34« 
tttsosiatolltat mA pKiosphato local iciat ion witliin t h e 
G ^ t a n e t o tim ^ n n r a i i i n u p ^ ^ a u ^ i a 
tlktmlpyr Bmmarm 4l6txt$jesta, tnt&mm 
t^mlrn Sitevw tM«iJ^ (3iur# 
PUm iXZ'^XWt 
Vemet^ divS mtSmxt ]lf74« mxi^m m t h e 
<3i in^t ta txX^ iia«t«8 ^ i r a t i r ae^ t i iB BayaatsB* Ziid, 
<lour« m v i x m * X# pi>« l ^ l l * 
^emskf a .c* ri*£>« m a 1974*. 
oil t h « e tmructor iot ieD and ^ s p o a a l 
c£ Amhmttrl^ ^ilvmitm ^ith ms&smce t o X d 
iPem smr i f fm, t ^ a l t h ^ p t , 4* 
Vmmmt Oalkelat a.C** 1977, S tudies o» tSie 
aiKS d i sposa l ixrc^i^me o£ i n d u s t r i a l 
»i£l,ii®ttut Witt) t o Xi^ Standg^xas •XXK 
Xna* four* lanvirm* ftooith# Voi« 3# 
Sandal» Ot^ta# Pal* 
i979* Acmt« t<Kiicit / of tiientjMitir*® inmatXamm t o 
« uratipr tmXmmt MmxxfiKmdhum f o s s i i a * Froc* 
ayin^* S»i£<i and Toxic ii!»* S{I«>S9, 
v«i;ii«ft* ana f b t m m , i97a*«» luevala o£ wmemstf i n 
t h a aadiimnta of actaa aifiaa Xekm inc iudbig laJea 
and tiia ahomi tlalv«« 
Vo9tt » I.974. flohuar iiMitalianvi^hamn<ii i n r iaehan daa 
Sliftina* Fai»ar Vsaa* Safar* Hatura€^t»alc«daMiia# 
vogt* C}«« K i t t a i b a r j a r ^ i977« Jitudia aur AiH^ahma und Atiirai«» 
eharung von aedmaxMatalian in typia^han Mganaaaoai'* 
i ^ a n a n Ahalnaa M a c h a n oamiaeiMMiR land 
aHidik. XAt Wimt^ h land VnMalt^ Vol«3« siaieHaiil»a«^ 
Kliiklta* fi,(»dl»>» a tu t t f fav t* Haw Yacli« o* nacd«ar« 
iS - . i t . 
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m $ » l»Al.«o«coIoaieal mtMdim o£ Potato 
Uaktt and i t * «nylraniawtt# Ecology* Vol«4*# 
19*8. Tho M i s t m * oC ^Ib&ficid wosM t o 
thiDMi ^agsmon poll,utiont« Hyci^laiiologia* Vol,»a2# 
i^liUcox« 1948. m ^ l m f S m ana Intwepmtat ion of AinaysiG 
of i r r i g a t i o n lamtmct x>ipt,A9ri*Cive* lto.784» 
Wiiiian®^ C»fi* and 1974. Aiiat* Jour* S o l i . fioi«#lI« 
t i i t .C i t . by staii«trQai*7«# Aixilkio«Vol, 3« 
w i i i i m ^ i>*R»«i971. m a nwtaia of i i£«* ^ aoitt t ion choRiiatry 
o£ ffletfiiiofis i n b io logloa i a^st^eiaf licjrKiotst 
Van S f o a t r ^ iMnhoid Ctsmpmy* 
fiaawy inotala ixt b i o i o j i c a i vt®tmm^ 
Sndaavour* Voi«2#« 
w|iie}]@8tar# and Oiie«« i977« Ttio a i r watar in tarf iac^. 
Fata of po i iu tan ta in the a i r %fat«r aiivironi»ento, 
Pa r t X»H*(&d.)# nmt torlc* t ^ i i : ^ ^ Sf^bmf^ Toronto* wileir* 
tiiiid<x9# H«!f*y 1973. xnvasti^atiosia c^iang^ i n haavjr eietal 
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mdiilm Btkf miS^ Chmmml§ lioMlo Bmst» Mi^ MflMi* R^^p. 
h m a CNmh? of Enginaffitray Moi>ile D i a t r . t 
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•m3ltm^0 Pmtm md tmaSn, Distxribatim o£ laatal 
I = 
mo^t JmH^t 1975 • HiolojicdX <^1.011 £or in fsXm 
msvlvrntmntrn m^tmO^ommimttm* Voi* 
Wright« JfEl , , m^ 1963* H»ta2.3.o~csrganic 
i^tm&aMmB a o s o c i a t ^ Boi l , 
ttcXm Soc. ^m* Proc** Vol.* ai^ 
OilK|,t# V«Xi»« Oovo^ 
ana Acceivala^ 1970* a i r q u a i i t / 
iiU£v<^0 in f o u r a a j o r c i t i e o ii»3ia« Environ, # 
l ^ t J i * 120 pp^ 35S-383, 
1077* ii^ tm^hlc iisvort^aarat©© t h o 
silJ® catwacy. rfeor^Biiiifeerot v o i , 
Zltkot Qoa corsoi* m e , h mexshmlm of tiMi 
&iimt.9 o i m t e e hardness on tli« i^ t t ia l i ty ' oii 
heavi^ mt^ l© t o £ia£i* Cliemo@i;>h@re# Vol* St pp*209*303 • 
tt^ii.* Oi t t i^y* md Dtic^t 1074, 
GQncfiiit»ratloii« mmmm of t r a c e mstmle mt tim 
smith Poltt. Bcirnxm^ Vol* 183, pp. I98«aoo« 
- I 
mmim m w motmp wms. &TMm m passsb or 
csvswm oivkaK^isMt^ RiygR aMiai. n i ^ m t 
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cimw^ wmm: 
iacms ' ing «wttjniii«9» to get f u l l Adtraotagd oi tl)« 
cvaoucees to a»«t th* pr«>gr««siv«iy incjctiasing r^qpiUm^nent of 
tf»t*r«« ft i^antinuing bftXmiice mmt be Omvmloptui mA mintaiomd 
to mhov qmntitimm o£ «rftt*x- phasing t l i r o u ^ • •eh e&epoKimx% 
q£ hy^rologie (preclpitaticai* iDfil.tr«tioii# vm o££# 
•ircpotrttiispimtioii and grotind vmt9rh X% a lso p«r»it« a p*rio<Ui3 
• e o a m t i n g o£ wmtmv stoeagca i a aoil« mtxHiicm mad ground vmtmr 
xm99Xvoiw9» m t h t h i s ^uant4t«tlir« iUifoxsBfttion and 
of hydrtslogle priineipl**, ftall dsvoXoprstnt and mftaageaiaiit of 
ground imt«r c&n ba «chi«v«d When the anrorage xwplenifthiiMmt 
bftXanead by the m^ mrmgm dl«charg» asd the di«charg»« fo r noa* 
bcnafielal p«irpo««« has to«cn radiacad t o miniaKm* Ziier«aaiiig 
infftaJliation oC tuba wmlXm ia tha araa i s oontiiniing indtts* 
criMinataly Xaad a t plocas a hasvy withdrawal which amy eausa 
land aubaidaaea and othar raXatad prbblanos* Xn soomi araas in 
tha wiaittity of tha aurfaca watar bodias (riwar Oaogast tkmmm 
and Hiiidoiit basidas iakaa snd ponds) tha aiieaasiva withdrawal of 
ground vatar aay iaad to indticad rachargs from thasa bodiaa 
Which ara gatting pollutad Mora and Mora dua t o ineraaaing 
induatrialiaation in tha araa undar atudy. 
Thus an mttmpt has baan sMda to aa t i^s ta tha ground watar 
potantial of tha araa undar atudy by balancing tha hydrologie 
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«(3itft%ieii« Za esedmt t o aehiavs tii* m»ixmd gmX v a r i ous okh&r 
l i k * ^t i^ iogr i^far* cllaiftt*^ i r a i n f g » o i o g y > 9 e i i « * 
oeeuffxvnec of gromd wmtmtt Sjerigttim 9y»tm and voek» i n t h* 
imgim lunre «3lco Imma disoiwsotf to thmt m m^tSmf of 
•ABtMi:! ground m t o r xvohftr^t and d r a f t eooXd too ironoad oiit« 
iriia acoa uadar innraatigatiQii ia aitttatad in tha &tato 
of 0fctar FradaaH emmtixig tha nortlioni part of lOdia batwaaii 
Utituiitea as^ sa* wid IS* » and loii9itii»aaa« 10* and 
39* 1. I t oovera an area of 2« 3«i aq. Jbb. Ilttar Rradaali 
ia oonaidaxad t o t>a ttia »oat p o ^ o u a Stata in India aa i t ia 
tlia IxiMa of afaoiit fO » i i i ion paepla* »m of i t a |>opiiiatien 
l iva in i«i2«i24 Yilla«aa iihara ttia awin litiaao oeov^tion ia 
aoricultosaf that kaapa oaarly 7tK of tha p«polatic«i angaoad* 
9ha atata oan ha diTidad in to thraa d ia t ine t phyaiogri^^hio 
ragiooat** 
^ f a f Populat ion 
1* Tha iCtaaiaaran sagioi 11% 4,aX 
2. tha Oangatie pUdM 70% 90% 
ITha BiflMlallchMii «Vindhyan Flataau m » 
Tha KiMtiajraa ragion ia tha northam «oat par t of tha 
Stata and oonaiata of lof ty h i l l rangaa « i th daap vallaya and 
narroir gorgaa towards tha north* On* tha avaraga tha alarat ion 
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l i aibout 350 ra ttnd t\m faiglMitt mm toeing M* Tli* 
his trm wsa^ s^^h »itd 100 In* irm mmBt 
t o mmt* Memm* of i t s xiiggtid t« r r« i i i ooodit iofi moA poor 
9 m m m i f t * t i m t iw xogioa contiauo* t o bo mpummlf poi^oto^l* 
thm O ^ g f t t i e p l a i n t o th» too th o£ t h e Hinoli^M eovors 
tht i o r ^ s t « » « oC ttMB »taito# ot 4a d i s t r i e t o out 
oC tho t o t f t i Sft« Xt i s on* of th« most f o r t i i * p l s ins* th» 
anrorsgs mXmmtlm hming i S Sboro in the o s s t « t 
Vorsfissi t o «bout 2m m in th» nor th « t RoorlsMi* Tho pioin 
oictoo^ t o about m . from esst t o wost oiid 900 l»« frcsi 
nor th t o s o u ^ . Tho gboorai g r c d i w t i s about 0*2 »« par las* 
7ha t h i r a gaographioai r a^ ioa i s t h e smi tham p a r t e i 
tha s t a ta« f a i l i n g south of tha r i v a r s Ysmuiia and Qanga* Xt 
i s kttoifa a s t h e e a n t r a i Xndian p i a t aau of Sunaaikhand and 
Viadhyan ranges* irha reg iona l s lope i s towards t h e nor th* 
eaat* The e n t i r e region i s Made up of g ran i te* gnaias* sandstona 
and q u a r t s i t a wi th poor s o i l Msntie a t p l aces and s ta f fe rs from 
chronic water ahortage f o r dr inking and i r r i g e t i o n purpoaea* 
The S t a t e has a S(iib-»tropical nonsoooie c l io ia te . In 
sisaser i t i s dry and ho t , and in win te r , i t i s aOld but not 
f r o s t f r e e * t h e average t enpara tu re i n t h a p l a i n • a r i a s frosi 
a alnimuM of i n <raauacir t o a mmimm of 44^ C i n Miiy* 
tlcwSTsri i n severa l h i l l y ragicms on t h e no r th t h e siinisiusi 
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tMq}»xr»tur« xmmchmm mtach hi§lm fiwrnxing po in t duriog th« 
wiatftjr rnon^hi^. Thm mmmom i n tmrnrim t h e •lul 
Of JuuA* Thft vttemt Konths July mnd hxngmt^ mixaM 
i n smptmabmr mnd Winter shoiwr* a r e iwswuy 
jraeeived toweurds t h e mod of Doecniber and aoMtiiwi upto Jwuaxy* 
/ 
l^ha r a i n f a l l v a r i e s between 700 a n . m d 2000 mm^  'The Hioalayan 
eone ga te eboist ISOO t o 2000 mm, p l a i n a rea frcm 700 am t o 
ISOO am, and aoo them re^ion^eoo t o 1200 mm, o£ ra in* The 
d i s t r i b u t i o n o£ r a i n f a l l i a q u i t e tiB3dalanced« «a t h e ma^or p a r t 
t he r a i n f a l l i a r e s t r i c t e d t o fou r nonths (Juoie t o S ^ t e o ^ r ) * 
whioh c r e a t e s a s t rong need f o r a r t i f i c i a l i r r i g a t i o n dur ing 
the r e s t of the s i x t h s * Table«i}CVX, shows t h e monthly r a i n f a l l 
i n t he a rea of a t u ^ « 
The i lor them and i lor th«eas tem p a r t s of t h e s t a t e i s 
drained by t h e iride @anga and Ifamuna r i v e r s and t h e i r t r i b u t a r i e s 
and d i s t r i b u t a r i e a * thm stain t r i b u t a r i e s of iSanga i n a re 
Ohagra* ftarda* ftariu# R ^ t i , Ganti and the bes ides 
t h s y!tiiuna« a l l emerging from the higher rangea of Hiiaalayas. 
zn the Aouth-Xast t h e drainage i s through the r i v e r Chanbal* 
aindh* Betwa* Tans and Sene<-all of which u l t ima te ly j o i n 
t he Oanga o r i t s t r i b u t a r i e s * The Himalayan r i v e r s a re more 
a c t i v e than thoae f lo i f ing from t h e Vindhyan range t o f i l l i n g up 
the g ree t p l a i n with a i l t * They a l s o provide more p o t e n t i a l 
sources of I r r i g a t i o n and power as they ca r ry pe renn ia l supp l i es 
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oC wmtmr from ttm mcmooa m i n f a l l »%ipplmi»ntm6 by m^mpmg^ 
M l t i n g o£ ffiiQir* 
Mm^umtm m> xmxtmxmt 
¥h« nd jo r portioti the Xaed in t b i fttat* i« t i t i l i s s d 
f o r a g r i c u l t u r a l purposos. The l a t e s t landi u t i l i u t i o n f igu re* 
%rm given i n Yeble --XVZS. 
The P r i a c i p e l c rop* ecwit i a t h e s t e t e are iiheat, padd^* 
augareaoe* 'Maise* bar ley aad mustard* Table^X^ZZX girem the 
area under p r inc ipa l eropa during T«ble«X2X 
reireala t he d e t a i l s the area i r r i g a t e d d i f f e r e n t sources* 
I t shovs t h a t t h e i n t ens i t y of i r r i g a t i o n i s 4 a * m l y * 
soticES <y iRRiaftyioiii 
The S ta te I r r i g a t i o n Morks cons i s t na in ly of cwials and 
deep tiibe-tiells* The main canal systen are Oanga 6anal ftarda 
Canal* "Xmmim Canal* Agra Canal* Gsnda^ C a m l , aetwa Canal and 
Tons Canalil* The t o t a l length of t h i s systew was S1*0G0 lot* 
upto the end of Fourth Plan per iod ending in 1977* Besides 
the re were 12»»30 s t a t e ttdbe«welle« The t o t a l i r r i g a t i o n p o t e n t i a l 
c l i a t e d by these works was «S lalch hectares and aHUCiMun i r r i g a t i o n 
recorded wae 47*SO l a l ^ hectares* There a re l o t of p r i va t e 
Minor i r r i g a t i o n works in the s ta ted* At t he end of March 1978* 
the re were 12*9 lakh Masonary wel ls and t*S lakh punp s e t s and 
p r iva t e tubewells in t he s ta te* The p o t e n t i a l c rea ted by these 
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vorlw m»to 1977*78 i s tOxHst S5 l«)ch httctMTtt** 7abi«-dOt, •hows 
th* d i a t r i c t w i M mtmt«mimt of th» «r«« i r r i g n t « d by d i f f e r e n t 
•oorees . 
ppXiOGYi Th* s t i i t e can hm divided i n t o thx«e d i f f e r e n t geologicia 
icmgimm* ¥hey e r e t * 
i ) Mine l^ea ^ i o n i 
i i ) XndfMSengetic p l e i o i ; end 
i i i ) Penineuler xegicn* 
Hortti.Meet p e r t o£ tiM e t e t e i s h i U y region which 
includes ecne of the world*e h i g l ^ t peeks . This i s t he region 
of highly fo lded end otrerthrusted votoiteins o£ geologice l ly 
younger period* ¥he presen t dey Hiimleyen mountain system i s the 
r e s u l t of orogenic acRrement which s t a r t e d i n t h e l a t e c re taceous 
pe r i cd and continued t p t o the p l e i s tocene period* 
StoSESiB MlSSdJtti 
The Qangetic al l t f^i tai cflnrers nea r ly t w » ^ i r d s of the 
• t a t e . Tota l thicKness of t h i s e l l u r i a l p l a i n i s not c l e a r l y 
Icnown* Eid>>«urfaee geological s t u d i e s a t xandhai in part«pgarh 
d i s t r i c t s U«P* revealed the ex i s t«aee Vindhyan sandstone a 
e t a d ^ t h of <10 si below the s u r f a c e nAiereas Gran i t i c rocic was 
s t r u c k a t Panki near Kanpur a t about 949 swters below the ground 
level* This shows t h a t Peninsular rocks cont inue below t h e 
p l a i n s , Most probably upto the f o o t « h i l l sone froei west t o e a s t . 
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According to mmimaic refrttoticxi studies docis yjijf 
(Ditttit st .s l* the depth of «|,iiiriuBi near Unym in ttothiars 
distr ict (the trastem most limit of the aree under study) hss 
been reported to be sround 220 The thielcaesa of the slltn^lutt 
increases greduslly toverds east end neer Ksthres(district 
AliQerh) iit i s 3€0 m. thick* Xn a l>orehoXe drilled for « deposit 
well hf (Pethslc* i97tf), the vindhj^sn shele wes struOi et 
m dipth of 379 m beicnr ground level At Aligarh, 
SSBtefttiSS. SBalSB.* 
The Peninsttlsr regicHQ of Utter Pvsdesh forms an integral 
part of the Indian Shield ccwtsisting of different types of igneous 
and i^ diiSBentary rocks. The «ain rock types belcmg to Sundelkhand 
granites* Bijfawar series and Vindhyan systMi* 
The BwMlslkhand granites are exposed in ths southern part 
oC Jhaiisi# Kanirpur and Bands distr icts . A patch of unclassified 
granite occur in the sotith«4festem part of distr ict 
These granites being trwrersed by acid and basic igneous 
intrusives« are extensively jointed* Joints in iiesthered rocks 
are ciosely spaced and wide open. However* most of them disappear 
below the sooe of iieathsring. The siiairar series ccmsists of 
quartsitesand sandstones that rest uncoofomly on the Sundelkhand 
granites and ^leisses* The Bijawar rocka are exposed in 
I^litpur and Mirsapur diatricts* Rocks of the Vindhyan age 
occupy large areas in Keatem Agra# Banda* Allahabad* Mirsapur and 
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<listrict«« wh*ir««i Ar«v«lii roeks «pp»ar in ife«t«ni 
of jmthvarm AimttieU Only in tim Son© iralley t m ^ m m f 
ytxia^mfi rock* vhich mm nainlir of ealciurttous ii«tiic« mm mxpotma* 
TM Vlj^ahsran »«iid«toiM« mm hmxd, mmB9ivm, |oiixt«a «tia imXI* 
fimmnimd* thmam tim •jqposad in tlxi foza of ••carpcMwnti^ 
in il.li.I* d i m t i o o in oMmy of thm mha^f atntionttd «]r««ii» 
v^ occfutasiicg <y GRpoiiD ttwreRt 
groiuna »rat«r i« mXmo par t of hydrotlogic Th« 
grouoe wat«r s^gtoci i s not mmXy • product ©f chance but tha 
CGoaaqyaoca o£ a f i n i t a cct^ination of tha following fac to r s 
i ) Ciimata 
i i ) l^drology 
i i i ) oaologr 
i v ) Topo^aphy 
• i ) Soi l forsMtion 
Tha foragoing fac tors form an ic^tagratad dynanic aystan 
and in tar ra la tad in such a way tha t aach pr or Ides soma insight in to 
funetioniAg of tha t o t a l aystan and thua aarvas as an indicator 
of local conditions of ground watar occurranca* I t ia poasibla* 
tharofora* t o avaluata tha ganaral potant ia l of an araa f o r ground 
watar davalopeant by appraising as many of tha fac tors kn l i s t a d 
aboira and than by intaxprating tha local raglna, on thdi • basis of 
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Jcttowi ml«tioD»hlp» mmg thm factor* ioad th*i r • f f ^ c t on t h i 
fg$imm thm ground umtmr xmgim Mti»t b» vimmd mm m dynmic mfmimmt 
ia ir»t«r i s ^Hbmmfbmd mt ^ 3L«sid mwetmcm mmd. f iniaiy^ 
W y v M back t o t lwt •ur£«c«« lf*t«r monrnrnm i s throtiQli 
:x«oiii^tsd q ^ n i n g s in t h t roeSts t h a t foSM* tl is oo t s r s i nn i io^ 
^/ thm 'm^fm erust* Thus tlis friMi wocic in whieli tho ground 
itsr oeottrs i s mm vsr isd ss ttis roelcs and as i a t r i ca ta as t l i s i r 
/ ^ o x a a t i o n vhioh has prograssad through gaologic t ls»* 9hs possibia 
^qri&inations tha variaty moA intrl^aey ara v i r tua l ly i i t f in i ta 
ajua aadwraoa a«at gaologio dii^iplinaa loading t o tfaa unavoidabla 
Conclusion tha t ground watar invaatigations a t a givan s i t a alsiost 
klways aachibit a eartain uniquanass not coaiilataly aaan^ la t o 
wholly gaaaraliaad prasoription fo r t ha i r axaeution* 
around nmtmr aay ba visualisad as oecuring in m mySamurimcm 
rasarToir# tb* boundarias of irhieh aaca f onaad by ^ i a e a n t lass 
paraaabla or inparmaabla roclcs* Tha rasaxvoir »ay ba opan avary 
ifhara t o tha land surfaca (unoonfinad) or i t stay ba cappad in larga 
part by Is^a^aaabla or ra la t ivaly iapazaaabla rocks (confinad). 
Zt suiy covar asctansiira araa or raprasant only an alongata ribbon 
of sand dapoaitad in aneiant stxaan ehaanal* NStarials foming 
ttos rasanroir aiay ba cospoaad largaly of unconsolidatad sadinanta 
or of bad recks« thay nay ba uniforaly panwabla or vary vidaly 
in panwabil i ty both horisontally and Yart ical ly, Basad on tha 
gaolagie sa t t ing tha Stata can ba dividad into thraa distvinct 
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grouoa vat t t r Mhich %rm b r i e f l y dmieribad « • 
^^ &SSfi.< ^ ^ ^ hUXr ttw ground wmtmjt eeeuim 
i e tiMi f o n t fiiC i m r o u « p»ac«n&i«i mptingB* Xti tli* r m X l f 
th»r» i s sane nUtnr ia l f i l l * dug im11« «n i o^nnaii* Omi of tiKlt 
i s Pooa ir«ll«y i ^ e h i s I s r g t l y iBsds r s c s n t 
•e 
«nd jpl«istoc|teis • l l o v i s l deposi ts* aroind t f s t s r occurs undtr 
vmtmr t s b l s condit ion* t h s dsptit t o iifttor t s b l o • « r i s 9 frcai 2 » 
toMsrds ttie soiiUi t o about 14 • toiiftfds t h s aor t l i . Ths sessons l 
f l o e t t t s t i o n t rsr ios imtvmm 1*3 is «»d 3#< n . Hie r s l l s y f i l l h«s 
sdsqus ts t ^ e k n s s s of s s t u r s t o d garsiiiilftr a s t s r i s l siiootitii&g t o 
ft t m i m m o< 140 t b s sirsxttgs thioknisss bs iog 90 »« Ths snnusl 
r s i u f s l l i s of t h s o rds r of sb«ot 2000 «k . f h s ^ ssnd sad g r s r s l 
bsds f o m p o t s n t i s l s q u i f ^ sod esn support tiibs n s l l s y io ld ing 
300 l i t r s p s r nioi i ts sgs i i i s t s drsmr down of 1*9 t o 7*0 n . 
ApproKiMits f i e l d psxMS4bility of s q u i f e r a s t e r i s l «s oon^iited 
frcM pmip t s s t s v s r i e s f r o s 20,000 t o 3«00«000 l i t r s s per/d«:yi^tsrSi 
M l w W . f t i l i » 
I t osa be fur ther s idb^yidsd ia to three d i s t inc t belts« 
• s f o l l o i r s f 
i ) tiitescesll* 
The f o m s t i o n s iawsdis te ly south of t h s Hinslsysn f o o t 
h i l l s e r e c e l l e d Bhsbsr which i s e d i s t i n c t b e l t of 0 t o 24 Ini* 
«o width* The foms t i ca i s eosiprise of boiildsrs« pebbles sad 
qtmmlm, I s i d s s p i e d p o n t depos i t s , shsped l i l i e e l l t s r i e l cones* 
105 
i ^ i e h s lop* •Gtttlniird f o r about iO t o 17 mt»3» pme kiXmrnrnt, 
msA i n ifliieh th» ground watttr oeciurs vaOmit mtms tal)!* oondit ion* 
Thouii;^ th» tmXt «3cp*ri«iic«i • h i ^ ni i i i f«l .I i t l th m mtn •omaai 
jr»iafall . of ISOO t o 3000 fmt thft vmtmjF ttibXm i s gBwrnoAlly 4NHip 
•iKft tottwoMii X% t o 30 a»terft« trhis i s diis t o high 
p«xiiMl>iiity of th« fo tn i i t ion atid t ho ^ m n e m o r i r«r i ty of t h * 
e 
coof ia i i ig l ^yvm « t •b^iXotr asx>ths« 6uec«ssttiJl tidb^ in • 
dspth r«ng« o£ SK) • iSO a have tmmn CQiuitriietoa 
1000 l i t r « « niauto* 
i i ) $iESS,BSll* 
Tb» Tfti^i iMilt t h a t oeeiara J u s t .south of t !w ShilMur toslt 
h«s m soiiUiMitrd s l c ^ oC oi p s r Itn* 
I t i s eensirissid of m oUQf s»4 a saaA iaarttr 
tii which t h s l a t s r foens a r t a s i a n ai^uifars wi th hsads of 0*3 t o 
US m §bow t h s ground au r f aoa . Bhabar a c t s as tha raeharga 
s«na f o r t h a lfarai« Making s idastant ia i ground watar p o t a n t i a i i t y 
of t ha b a i t . Tha boundary batwaan tha Bhidoar and 7 « r a i i s aarbad 
a apr ing Xina« Toirarda t ha aouth« t ha Tara i b a i t taargas i n t o 
t h s p l a ina i n Whioh tha f lowing wal l ecnd i t ions a ra p r a c t i c a l l y 
unknemi. Tha r a i n f a l l i n t h s araa i rar ias frcM laoo t o 1900 mm* 
mwM m ^ * 
Tha dapth of a l l u r i u a m dstarMinad by d i i p bora holas 
by 0«1I«0«C« a t iU^a. fiathras« u jh i an i t XasganJ and T i l h a r and by 
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e> 
« t Pauma (K«i^uc) ana Oaiiith* (JaUli«b«d)* 
IMitweca aao and «ao mmtmx&* Th« mtvdtmrm mm eoKs^oamd 
oC siicd iMids^  lihUtt thtt eA«y v^th hmaauut tmr^r— m «2uit«rd* 
On t h e jMinieiiia tcftl.* thm rrnriam «Qi2if«r9 mimi t o tm IntftfieQtiMict^d, 
hlthiOlP9B o r bocit l ^ a • t r « t « c h a r t s mxm gitmtmXly mrailabX* 
f o r «d30at ia«000 fttntii t v t e iniU»» Za add i t i on , bora iiola d a t « 
o£ p r i v a t a tiiba walla borad by Minor I r r i g a t i o n <tepartaant a ra 
a l a o ava i lab la* Vba p r i v a t e tiiba wal la ganara l ly t a p tog watar 
t a b l e a q o i f a r a dapth of ^ o u t 30 t o SO a a t a r a whila tha 
<teap t ^ walla a ra atiiOc t o a dapth o£ about 100 t o ISO laatars* 
dischargaa ara of tha ordar of 10#000 ggh* Tha dapth t o 
/ 
watar t a b l a balow tha ground ganara l ly irariaa batwaan 3 and 8 
netara* ftowavar* naar t ha iemmm ri^rar i t has 9«9na vipto a dapth I. 
of as i iatara* Piasp t a a t dons i n tha a raa ravaa la vida v a r i a t i o n 
i n p a m a a b i l i t y and t r a n a n i a a i b i l i t y o£ t h a a q u i f a r dua t o r ap id 
changa i n t h a i r t a x t u r e and th idcnaaa . tn f a c t t ha OaiKP«tic 
p l a i n haa ao «uch i n t a m a l ooaplaxi ty of th» «9i i i far ayataai t h a t 
aaoh l oea l i a ad araa aaada a aapara ta atudy t o datarmina tha 
a i ju i fa r c h a r a c t a r i a t i c a c t h ^ tm»t c a r r i a d out ao f a r i i id icataa 
t h a t th» t r a n a a i a a i b i l i t y c o a f f i c i a i i t of an avaraga 30 m t h i c k 
a u q i f a r i n tha a raa i a about 1* 00*000 gal lona p a r d a y / f t * 
Storaga c o a f f i c i a n t v a r i a a f r o a 0«03 t o 0*0005« Tha a p a c l f i e 
y i a l d rangaa f r o n 7% t o Zn t h i a a raa 30 t o 3S Matara 
th ie l r aqjy^far i a ganara l ly wit wi th in a bor ing dapth of 100 t o 13S t 
mmtmsm l^na ra l l y |liha ahalloif ai^uifsrs a ra undar watar t a b l a 
/ ^ 
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eocue^ttmm i ^ n t a s t l te ^ciipsr otwi «z« eqnfiniA t o ••nlccmfiiiAd* 
cwelogicnJL M c t i o a •Itoiriiio t h«M thallm mmitmm %xm gi^mn Iti 
fXgB, a t o 9# to mtnify dmmp MquUmm, •xplioeutt^ d t i i l i n g * qpto 
« d ip th of about 600 ai9t«r« h«v« tmmn thm C«G#H#B« 
and th« St«tii 0«I«.Z.0» 
hard rock arttft «ooaa^tfies the «nt i r t t a ta tu* 
south the rl-VQrs, ttaauna and Gan9«« t h a t f o m a a |>art o£ 
paninait lar sh ia id* Flvo d i a t r l c t a of t h e ^hanai d iv i s io i i 
StmdaBchaod m q l m and p a r t of Agra# Nithura* MXahabad« Mlraapur 
and v^ranaai d i a t r i e t a f a i l trithiii t h a araa* Hixa t h a ground 
«iatar occurs i s tha fraiotiir«a# j o i n t a and f jUauraa and l a tappad 
lay amaxm of l a rga diaaiatar opaa Mi l l* . Tha diaooiaiaetad patehaa 
oC iraatha-rad raa idua l s a n t e l o i iparyiag thidcnaaa* howavar* 
c 
conta in i ratar which can ba davalqpad on a vary a toda^ t aoala f o r 
l o e a l i r r i g a t i o n pnrpoaaa* l a daro ld of ground iratar* Tha 
•undalkhand ragion balng a o a t l y covpoaad of g raa i t a* Tha Vlndhyan 
aandatonaa and q u a r t s i t a a lit Mlntapur d i a t r i c t a i a o do not hava 
MUch ground watar t h a t could ba ax t r ac t ad f o r l a rga aea la i r r i ga t i on^ 
Tha topographicai 6mprwBlotiH whara a u f f i c i a n t f i l l a x i a t a a ra 
capabia po i y i a ld ing aiodarata quan t i t y of « a t a r through dug 
n a n a and t t i ba -wl lSe 
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{«»!ithJi:r f o r th* d»pth of w«t«x- t ab l e tmXm 
ttw/groun^ Xmrml m e iMiing raiulft t ^ C.Q.w.B* and <3«W*z*0* 
•loctt Jl^Vl on iJE^out 3000 «p*n irall* 4i«p«r««<l a l l oir«r t he iit«t*» 
fhixtt iIldic•^ioKul t h a t thft dspth of «f»t«x t a b l e 
gi tqf i^ j^ tmftel north o£ C ^ g r * r i v a r i a ahallow, about 2 t o 4 
m i ^ w bafos* saina and 1 t o 3 matara a f t o r raiiia* ¥ha •halloir 
^axar t«b ia i a a l»o «fitiiaa»ad i n north t a r a l region of Xhari« 
^ l i i b l i l t * B«tmiXXf0 JUnupvr and 8«iiiitaX d i a t r i c t a * T h a damp 
^a t^ f t a b l a ia witeeitaad a l l along tha famuna a t ^ ^tuQm r lvera 
flUq^h of A^ra* S^im d ^ t h of tha water t a b l a va r i aa from 20 t o 30 
iiimtkrmm Jn the raaa in ing a l l i a r i a l area* the tmtar t a b l e 
^ i i # r a l l y I l e a between 6 and 8 raatere* Zn the hard rock areas 
^ I fa te r t a b l e in eaeea of a l l ixr ia l f i l l i» general ly between 
i t o 10 Meters whereaa in o ther hard rock area* i t i e about 
ilO t o 30 i i i teea . The ground water contoura showing e t evo t io i^ 
^ t a above in meters, c l e a r l y Show t h a t the long i tud iaa l 
£IcAT o£ gro«nd water i s feon e a s t t o west and the laain f low i s 
perpendioular t o r i v e r flow with a ground water mound between 
the two (iriirees* Xt ind ica tes t h a t t he r i v e r s a re p r a c t i c a l l y 
/ 
e f f l u e n t and depend t^on ground water f o r base flow in auMaars* 
PUBSaW qROOHD KAJTKR BMAIC& IN tMI SfCMmt 
Mhile e s t i n a t i n g the balance between recharge t o and 
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dUteimrg$ fgam « grmwa tmtmr Mmgim tti* ammmw i n whieli 
th f t t rmgim fumtim» mmt b« jj^dwatif tbm paUntiml £&t 
ntehftrge t o ttm ground wmtmt t&giam in m Mm Otpmndm m tim 
mmt^ and pmttmm of ttimtta]. pv«eipit«t ioci i n t o tli> 
p o ^ i ^ i i i i f o r « r « ^ « t i < » and t o tho ^ecmemmm o£ •ay avxtmem 
7 -
or •il>»il«ycf«o* lafIm £rm thm «dj«0«iit mxmm* Moot o£ t h i » 
pe^/untiMl tmcimwm ^ coMioiiiy in toreoptod by t h o s o i l eovor 
m ^ f o t u m o d t o tiM tkt»o«plMiro tlurougih p rocsosm 
o r diooipotod tlirouc^ «urf«c« n m o f f * 
Tlio/iMotiiit t ^ t o e t i u a i y eo»tr i lnt t«« t o groisod m f r xmetmggB 
v f ^ i o o MMooolliy •« a loo i r o n ^ your* Zt i s d i f f i e u i t 
, io q m n t i f r i t r o p r o m t o m l y « p o r t of tho t o t a l 
potontioX f o r foehor^** ^ h o r potontio}. oottreoo of coeh«r90 
or* oonoi ooopogo ond xottam f loi r of v o t o r appl ied f o r i r r i g a t i o n 
i n t ha f i a l d . SiMilarly^ ground watar diaoharga «ay ba d i f f i c u l t 
t o Q u a n t i f y iBaoaoaa ^ t a a p o r a l v a r i a t i e n apae ia l ly* i f i t 
oectira a t a nvnbar of a e a t t a r a d loca t iona ; a i t h a r on t ha aurfaoa 
i n tha f a m of apr ing , ga in ing atraana* lOkaa^ ponda« narahaa 
(NT growtha of phraatophytaa o r haleir t ha aisrfaea i n parMtabla 
f^OMitioiia* 
1* fff f^m^ ^ H m * 
Tha priDOipal a o i i m a of r toharga t o tha araaa a ra toy 
i t t f U t r a t i o n of r a i n i ratar , a a ^ g a f r a n caaa la and r a t u m f low 
of i r r i g a t i o n va ta r* t h a raoharga on aeoount of r a i n f a l l haa 
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tmm iracloKi out ^ i m ^ x M ^ i m ^ t tm t M m i n ^ twmOm* 
dm to r « l s f « U = SY x H x A 
s y • BpmUMie ti^XA of %im «txmt« i n ttm mmm ^ w^r 
tMm tlmtvmtim* 
n m mmrn of tr«t*r mitmr mmmom mtmgt rmlm 0 
tli» d i s t r i c t . 
A m tamm o£ th» d i s t r i i ^ , 
matmiSi <m thm nborft eooem&t t h« 4 i i i t r i e t wi9m mmml s^chmem 
Am t o x»iii£«li 1t«» hmm vorluia ea t* 
8*eli«rg» Am cmemX tm htmm tAloin w t*»35 
c M e pMT a i i i l ioo •^[iiaxv mtme ta thm mttmd prnmrntms o< tt i* 
wml m pme pxmttOmm p t f t e t i c* i n i r r igf t t io ia d ^ a r t w v n t and 
mhscvft AIM t e xmtwcn flew of i c r ig» t io i i iwtftr ha* htmn tmism 
M M M T * FTE s«chur«» AIM to otiMur f«oteni «•§• iiiflitoiit 
• •vpf t f t htm hmn W B T M out on • mm hmmim, t«]i«ii mm 
t o i «»* tho mxmm of tfa» Aimtrimt mmmllr* This w i l l 
hm M i o i y 4iao t o X«IBMI» poeie^ r i v o r « id s t x o M i n ttao r o i ^ r 
mmmmm. thm d i o t r i o t irioo o o i e u i o t i a i f o r t o t i a t o e l i m * 
o««h a i o t r i e t hmm boon d e w and tuo t o t « i » f o r t h t s t o t o woflw 
out t o bo OS f o U o w o f 
U tooliorgt Am t o co in f i i i i 
a . • • eoofti «0tjp090 f . 7 3 
I l l 
3* I^vchftrgtt/ b«c1t f low of i r r i ^ i t t i on WBtrnt 6«S7 
r 
4« Rechnrgtt <lu« t o inf l iMot 
S* Extra jrvchargs from B)i«bftr i n 
Tar«i d i v t r i c t a , 0.72 
T o t a l I 70.S0 
fh« mvim th« aaount o£ grountS %f8t«>r t h a t can tm 
vithOxum anouaXly without causing any iindaairabXa a f f a e t or 
paxmanant dapla t ion of watar t a b l e t o an ^aeonfioiic l a v a l . Hanca 
f r o n tha t o t a l ^ c l i a rga« thita ea leula tad* tha loaaas on account 
o£ av i^o t ranap i ra t ion and ainimuBi baaa floir in r i v a r a hava t o 
ba daductad t o gat t ha valua oi tha aa f* y i a l d , Tha parcantaga 
dadueation made on t h i a account i a basad on tha praaant minimuRt 
baaa f lew t h a t irariaa f r o n 30 t o 30% during d i f f a r a n t yaara* 
2n tha praaant study d i a t r i c t v i s a c a l c u l a t i o n f o r s a f a y*ald 
has baan workad o u t . 3'ha f igu raa f o r tha S t a t a a r a as fo l lo i r s i* 
1* Tota l annual racharga m 70«50 lalsh* ha.a* 
2* Ztoasas on account of ET 
Cavapotranspi ra t ion and 
baaa floi»(J^araga«24«} » 17«35 " * 
3 . Safa y i a l d - $1.25 « 
«» t i»a t ion of Mmual g r a f t t 
Tha p r i nc ipa l d r a f t of ground watar i a on account of fttata 
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tvSbmmll* tttt<3 p r i v a t e tainor i r r i g a t i o n worlOl* Th« us* tor 
dr i ak i ag vftter« indiuitri*** «te«« i s inv igDlf ican t as ecR^arad 
t o abotra, Thara nare about 13,409 S t a t a tuba waXla in opera t ion 
during tha yaar i977»7a. Thair avaraga discharga i« about l . S 
ousacs p a r w a l l . Based on (G hours p a r d a y y t h e everaga) t ha 
a c t u a l running hours during a y«ar# tha d i s t r i c t v i s e d r a f t of 
ground %ratar has been worlcad o u t . But fear p r i v a t e minor i r r i g a t i o n 
worses tha record o^ ac tua l disc)i«rgas and running hours and 
nisnbar of works in operat ion i s not av^aiiable* TablaiXXX, 
arevaal the s tandard noneas oi var ious i r r i g a t i o n ntaasures. 
in add i t i on , t h e r e i s a f u r t h e r d r a f t f o r dr inking water 
and i n d u s t r i a l use* As no eorarect da ta i s availiOsle on t h i s 
account t h e ccaisis^pticm has been taken as about 10 ga l lons pa r 
day per haad of human population* Accorditigly, the t o t a l d i a t r i o t 
w i s e ^ ^ l ^ 1977*'72 has been ca lcula ted* 1?he f i g u r e s f o r t h e S t a t e 
a re as fol loi^s t 
1* Dra f t from S t a t e tuba^walls m 2*41 lakh«ha«in« 
a* Pr iva te Minor I r r i g a t i o n « 
worfci 
u 
Other uses 0*99 •» • 
Tota l t «26*72 
Present ground Water Balyicat 
Having t r o r k ^ out the s a f e y i e l d and preaant d r a f t , t ha 
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b«2.«iic« around %mtmr «rf t i l«bl« f o r f u t u s * i i t i l i s a t l e n ( « f t « r 
hfts b«en «erle*a out iti m t M f o r oaeh d i s t r i c t , 
(TiM p o a i t i w f o r lit th» m d of ^ c r £1 
M it 
yitt id «d3«2$ U k h . timst* n» t« r 
mrntt v^tp 197M© aS^^Ta • « 
BaiAnco ground «« « » 
vmtmf 
¥lti0 rmmmlm t h a t tlw preaan t i i t i i i f t a t i oa i t abotit $096 
and the p o s i t i o n i s not ao h»ppsr in t h e d i a t r i e t a of Agra and 
»%tttttra« 
Larga q u a n t i t i a a o£ aurfaea watar ar« baing addad tojr 
t ha folioMiag th raa aw J or i r r i g a t i o n p r ^ J a c t a t * 
i« Raaganga P ro jac t 
a* Sarda aahayak Pro jae t 
3* Gtadak Canai F ro j ae t 
Out of tha abora thraa« t h a ftaitganga P ro j ae t haa baan 
conplatad, tha <9andak P ro jae t i a a i a o naar ly eonpia ta i fh i ia 
ftarda &ahayal( P ro jae t i a aiQ>aetad t o ba eo^pXatad fay tha and 
flC i t t O . 
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Thti ft(Sdition«X ground w»t*r on CGiiQ>l«l;iofi of th«M 
]inroj«cts i« t o be «• foXlowif-
%• lUaBgengMi ProS*sct 1.06 lakli* hm* 
2 . S«JNS« Sith«y«k 7-50 « - -
3 . Osadiac U96 - • • 
t o t f t l t lo . sa 
t o t a l Oroima f c ^ o t i a l t 
t» Proittct Ground irat«r p o t e n t i a l m S3»2S lftkh» h«« la. 
2« MMitioaal expected froro • to •» « 
Pro jec ts wKfer conspletion 
iretftJLt 
Say 64 lakh, hact* matra. 
Out of t h i a quantity* the u t i l i s a t i o n a t praaant i a only 
about twanty aavao (27) lakh haot . owtraa leaving a balance of 
t h i r t y seven (37) lakh hec t . metrea f o r f u t u r e u t i l i s a t i o n . 
PRgssmv q.w^ wtfAwcE ni THE MBht 
A f t e r working out the a a ^ y i e l d and tcf ta l d r a f t frem a l l 
raaourcea* the d i a t r i c t wiae poa i t i cn in the area ia aa fol lowai 
AgRAt I t I l e a in the a o u t h ^ ^ a t e m p a r t of the area under atudy, 
which i a located between the l a t i t u d e a 26^ 45* and 27^ 25* 
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Hearth mn& i c a i g i t ^ ^ 7? 2$* mH 78 56* eeAt* The t o t a l area 
i» about 4861 }at« Xt has coamon d i a t r i c t hcxmOmrimm with 
Hajaathan on th« m t and ha l t cxfi the south antf with mdhya 
Pradesh along the r«iiaiiiing aoutham Jboedar, I4ath\ira and 
Stah d i a t r i c t a of U«P« f a l l along the nortYuim bordar and 
Eta^h and Mainpuri d ia t r ie ta^ al<mg i t a aas t an i iTordar. 
Jk co r rec t eatitBation e^ tha a v a i l a b i l i t y of ground va t a r 
eould ba done with tha halp of jrecharge* d r a f t and losses 
ground water analyais* Total p rec ip i t a t ion in the d i a t r i c t 
baaad o» f i f t y s^ar* a average i s about eS5«8 iaa« fienmrmr, a 
rough aatlmation of recharge through t h e p r inc ipa l sourcaa 
('rabla<<OOCX} haa been workad out t o 68358 hac t . Metres and 
t o t a l d r a f t i s 73993 haet . oMtraa (TMmMiZZ) leading an 
cxrar d r a f t o£ 11386 hect* netrea (Table«»dCC2V)* For working out 
aafe y ie ld a daducticn of 15691 hect« laetres (Table-XXZl) 
waa Made f r c a the annual recharge, t he re ia no undermining of 
ground water in t h i a region a t preaent* A de ta i l ed ground water 
aurvey and ii3vantory of Minor i r r i g a t i o n worka are ioaedsd 
t o aaaaa t h t ac tua l d r a f t in the area* Induction more 
surface water i n t h i a d i s t r i c t i s an imaediate requireisent. 
I^THmx* s i tua ted on the bank of the WMnuna and fonas 
the north^-weatern port ion of ^ h i i the area under s t u % . I t 
' O ' 
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l i e « hmtmm a? 14* «nd 27 SS* N! J j i t i tua* md 77 17* ftnd 
78 13* E longitudA with arfta o£ About 3797 aq* las* 
r 
'Thova^i th« di0trlc:t receives the atlnimum prsc lp i ta t ion 
(S93.4 am* in the region, ye t the re i s e t i U « 
/ 
water belence o£ 343ao heet . laetrea (Table««exiV) 
^ c a u e e o£ i t s Xow i r r i g a t i o n in tens i ty Ihere i s 
t 
much scope f o r u t i l i s a t i on of t h i s potent ia l by constructi<m 
o£ Qkore and ntore private ainor i r r iga t ion worHa in t h i s d i s t r i c t . 
the d i s t r i c t Migarh lying between 37 29* and 
38 11* U l a t i tude «)d 77 39* and 78 38* B Ic^gitude carers 
an area of about 505480 hectares. About 4* 10*100 hectares 
ia under cul t ivat ion, out o£ which about 3«4S«300 hec te»» 
was under i r r iga t ion during 1978«>79. ^he annual normal 
recharge of ground water in tlw d i s t r i c t with exis t ing canal* 
and i r r iga t ion i s estimated t o be about 1^1003 hect . iiMitres« 
(Table^XXZ), and the t o t a l d r a f t i s 103460 hect , mstres* 
(Table«caczxx)« leaving a balance ground water potent ia l o< 
36343 hact . aiaters (Table-fiociv}« rrhe water tab le depth 
frcfB the ground level in the d i s t r i c t has been recorded t o 
be varying f r o s l . i 4 m t o 1 3 , n i in Mty 1978 and from 
0*40 m t o 11*82 m in October, 1978. Average var ia t ion of 
water t ab le in the d i s t r i c t in 1978 w«s 0*89 n (Figs, 6 and 7}* 
The present annual r a t e oS ground water u t i l i s a t i o n lie in 
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iMtmmn 5000««000 Isvctg wmrnrrnt mmaiM^ t h e r ^ tb&t ttm p£«««nt 
progniamft could b* sustaliMid f o r «bout f i v « ysmrs only «iid 
httncs miacb more surfeice w«t«r i» ne^dttd in t h e d i s t r i c t , 
Geological corft9"«*ction« shcsifiao th* shal lcw wiit*r aquif t t r* 
i n thif i £>«rt of t h t baa in mm givma in Fig* 2 and 
D i s t r i c t fioUndalwhr i s bounded by Mrarsd^ttd 
and Budaun d i s t r i c t s i n the ass t* Ourgson d i s t r i c t of ffsxy«n« 
S t a t * and p a r t l y t ha Yamuna r i v e r on t h e west^ i W r u t d i s t r i c t 
i n the north and Aligarh ^ d i s t r i c t i n t he south* The d i s t r i c t 
l i e s between l a t i t u d a s 28 04* and 28 43* n and longi tudes 
c 
77 1B» and 78 18* E and ^ e r s an a rea of about 4908ie hect# 
with 376484 hec ta res under c u l t i v a t i o n . Out of the t o t a l 
c u l t i v a t e d erea about 291S0i hec tares %ras under i r r i g a t i o n 
dur ing 1978*79. Annual nt^ntal recharge f roe va r ious sources 
i n the d i s t r i c t i s est imated t o be 31S849 h e t c . metres 
(Table-XXX) and the t o t a l d r a f t , 247S58 hect» a e t r e s (Table-XXIXI) 
leaving a ground water balance of about 5122 hect* metres 
<Table«XXav) a f t e r deducting a lo s s of 631«9 hect« metres t o 
give a t a ea£e y i e l d (<rable«OCXlX)» The watec t a b l e depth 
frara the ground l e v e l i n the d i s t r i c t has been recorded as 
vary ing frcm 1«20 a t o 12.25 m in Hey 1978« and from 0*4 m 
t o 11*14 n i n October 1978. Atrerage v a r i a t i o n of water t a b l e 
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in the d i s t r i c t i s m 8 imd 9)« XoiMiriiig 
of w&tmr tabl# in the d i s t r i c t frcea t h s osximum level of 
1976 t o the miaimutQ l eve l of 1979 ia 1,38 ra. Geological 
c ross^sect ions showing the shelloif water aqu i f e r s along 
two p r o f i l e s are given in Figs* 4 andl S. 
jgrngors D i s t r i c t MMrut l i e s hetveen l a t i t u d e s 28 33* 
and 29 18* and longitudes 77 7* and 78 1 2 I t covers an 
area of about 61841S hectares with 4844S0 hectares under 
cu l t i va t i on • Out of the t o t a l cu l t i va t ed area about 401330 
hectares was under i r r i g a t i o n during 1976<*79« Annual nosnal 
recharge o£ ground water in t h e d i s t r i c t with the e x i s t i n g 
canals end i r r i g a t i o n was est imated t o be i0>out 266544 hect* 
metres (Table«^Z) and t o t a l d r a f t , 261262 (!rable«xxzx3:)* 
In t h i s d i s t r i c t the present ca lcu la t ions revea l an over 
d r a f t of 32026 hec t , ne t r e s (Table^socw) a f t e r working 
out s a f e y i e l d deduction of 57303 hec t . metre (Table-^1Z)« 
the water t ab l e depths from the ground surface in the 
d i s t r i c t va r i e s from 2«63 a t o 17,72 m in my 1977 and 
from 0#7i a t o 16.80 m in October 1977. Average variatio«t 
of water t ab l e in the d i s t r i c t during 1977 was 1.29 m. 
Average lowering of water t ab le in the d i s t r i c t from the 
iaaximue l eve l of 1977 t o the rainirauro l eve l of 1978 was 1.5 n . 
' / 
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mm^m tm m m pm^mv^.p^ ^ s ^ ^ w . y ^ m t 
Thttr« in e gfmt mcopm tot the of grotitsd 
f iater in thm S t a t e . F i r s t l y i t i s nttcsssary t o u t i l i s * ttm 
«xi«t ing potft!tti«X Aiad •«condly# th» €MnrelGii>m#Qt prqpossJL* 
mee t o hm p r a m t i c f t l X y pi:«p«r«d and «x«cut«d f or cinkatioci of 
ftdditionai p o t e n t i a l f o r ineraaoad ag r i cu l t u r a l productiem 
i a t ^ rm^Xtm* 
ht p resent the u t i l i z a d ground watar p o t e n t i a l in 
ttm s t a t e i« about 17 lakh haet* inatras iacluding thoaa 
isvailabla f r o s new pro jac ta tinder eiaii^latioct. Out o£ the 
above at>out 15 Iklth hec t . oiatrescaa be e3q;>loited by f u r t h e r 
u t i l iAa t ioo of airailabla cap lo i ty of the praaent ground water 
• t ruc tu raa vhen mora power i s made av'ailable* and f o r the 
remaining 22 lakh hec t . n a t n ^ . Table«JQCV ahcMS the new 
ground water s t ruc tu re s recomnanded f o r constituctiOQ* The 
un i t d r a f t givan abe¥a i s based on economic running hours. 
Moreover the l i f e of ground water s t r u c t u r e i s liroited» say* 
upto ISwZO yea r s . A large nuoibar of o lder works w i l l thus 
need replacement every yea r . Zt w i l l be qu i t e s a f e t o 
replace about of the present s t m c t u r e a every year* 
Table«0CXVZ* reveal the annual number of replacement needed* 
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Ksepiog the pr«»ent p«ce of «aiv»lopm«nt» the follokrin^ 
a i ^ i t i o n a l qrmnd wat«r a t» b« cozuitru^t«d in 
thft StatA ( trablo-XXVXZ). 
Svon a£t«r the f u l l ix t l l l«at ion o£ ex i a t i ng 
potential.* the S ta te can not achieve mmn aOOK i r r i g a t i o n 
i n t e n e i t y . For t h i s ptirpose add i t iona l reaourees are t o tm 
crea ted f o r which folXcering propoeais are suggeated, 
< I ) Conetruction o£ Canala f o r Paddy^r r iqa t ion i 
During, the rainy eeason ther« ia no deiarth of %f«ter in 
the r ive r s of the a t a t e , New fiivereioi worka can be constrxicted 
ao t h a t the canala may be utilissed f o r i r r iga t i c s i of paddy 
f ielda* Such canala may aerve dotible purpose• F i rs t ly^ t he 
paddy area in the Sta te may gieau on increasing considerably and 
aecondly* the aeepage f r c a theae canals i s lUsely t o add 
a i g n i f i c a n t l y t o ground ^ t e r recharge* This eKtre ground 
water can be puenped out advantageoualy f o r i r r i g a t i o n c^ the 
r a b i c rc^a . Several p ro jec ta on t h i a concept have already l^een 
f emula ted e . g . l e f t O&ngn oanal« c e n t r a l Ganga canal# P a r a l l e l 
lower Qanga canal etc* 
(2) Erect ion of Raaervoirai 
The dry aandy bed of aeveral atreaoo can be uaed f o r 
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crea t ion of ground irat«r r«»«rvoir» ovcrpuapiiig in ^ i r s n 
r 
mtmmm m^ing noiwrainy aeaaon a»d f i l l i n g th« apaea ao 
ereatad in ra iny aeaaon i n f i l t r a t i o n of f lood inatara* 
Ilia idea io a new ona and a l o t of th inking and a t u ^ i s 
raquirad bafora t h i a can h& tiamed in to a r a a l i t ^ , Savaral 
araaa vhara auoh an axpariment could ba c ia^ a^ciat in tha 
a t a t a . k p i l o t p ro iac t t o r two d i f f a r a n t araaa via«# i ) i n 
Hindon r i v a r bad in Bulandahahr d i a t r i e t and i i> alcng Oanga 
r i v e r in Ghaaipur d i s t r i c t a r e uodar ac t ive conaidarat ion of 
tha » t a t a Xrrigaticm £}apartiaant» 
COSCLUSlC^t 
out of the t o t a l lan^ are a of t94 1 1 ^ haet* coatara of 
tha a t a t a the net cu l t i va t ed a rea i a only 168 leJch ha* m. 
^ d net i r r i g a t e d araa i a 72 la>ih ha . i»« The i r r i g a t e d area i a 
only 42•©6 of the t o t a l s ^he ves t Oangetic p l a in s of tha 
S t a t e which conaia t of t h i ck aediiaenta lilce c l ay . and 
kankar e t c . are conaidared t o be tha p o t e n t i a l aquifera f o r 
ground water dwelopment. The clay layers eooatly a c t aa aquicluda 
wl^le tha aand layara ac t aa p o t e n t i a l aquifera* The top 
a ^ l o w aqui fe r s upto a depth of 50*60 metera general ly behave 
aa uncccifined onea while the deeper onea ac t a a leaky confined 
I 
to confined t q 4 i f a r a . The valuea of t ransn i iaa ib i l i ty and 
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mtc^mg9 c o e f f i c i e n t f o r aquift trs up t o a depth of About 100 
tmUsrB are generally of thm ord«r of t o U.S. ga l lons / 
- I 
dtty/ft« and S«QxlO t o 2*0x10 respectively* ifhe value of s p e c i f i c 
y i e i a f o r the un£onfine<3 equ i fe r i s about 0.07 t o o«12« The 
variat ioQ in thiOoQess of the alXutriutn i s ^neralXy of tVie 
carder e^ 200 t o 650 laeters* 
The meximim depth of water t ab l e in the Tarai region 
during the snonths of MsyrJune i s generally of the o r to r of 3 t o 
# QMSiters %rhile in tYm r e s t cxf the region i t is , of tNi order 
4 t o 6 incters* Kcn/ever^ near t he Vamuna and CtmaibixX rivers* 
south o£ Agra d i s t r i c t * i t in more than 20 raeters. In Bhabar 
area a l so the depth of the va te r t ab l e i s generally more then 
20 t o 30 rasters. Af ter mcmeoons* theres ijs a general r i s e o£ 
2«*3 meters of %mter t^^blo a l l cnrer the region* 
The pr inc ip ia sources of annual recharge t o ground water 
ere ra in £all« deep percolat ion of seepage water from unlined 
canals and water applied in f i e l d s f o r i r r i g a t i o n . The 
main source being ra in f a l l . From t r i t i um t r a c e r s tud ies 
(ftiaghal e t . el« 1978) and water laalance studl:es i t has been 
observed ^ t h a t about 20 « of ra in f a l l i s adde^ t o 
ground irater recharge annually. The recharge from the 
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unXimid enuml I s of the order of SOX wat«r 
fit the hmmd of cttnal »y«t«m, The recharge £rm th» I r r ispi t ion 
y&tar wppliBd in the f i e l d has been taken a« 2096 oi water 
appl ied . 
The p icaent aaf* utili««bXe aimuaX ground v a t e r 
poteotiaX afisvr taaking an allowance cxf / f o r baae flow 
in r i v e r s and eviq^otranspiraticni losses« (Table*^X) urorjcs 
out t o be 7.59 lakh hec« meter* There i s q u i t e a la rge 
scope f o r f u r t h e r developcjant of growid tmtor and i t a 
exp lo i t a t ion in Mathura and Migarh d i s t r i c t s (Table-«Xiy) 
hjr ccHRjunctive use of sur iace and ground water and providing 
v e r t i c a l drainage in po t en t i a l a reas of high water table* 
But in Agra tm6 Meerut d i s t r i c t s thexe i s an overdra f t of the ^ 
order of 11306 and 33036 hec t , meters (Table«XXW) reapect ively 
Therefore the induction of iiore aurfaoe water in t h i s pa r t 
of the region i s an imnediate requireiasnt. Hi t he Bulandshahr 
d i s t r i c t a l s o the pos i t ion i a not very sa fe with 5132 hec t . 
u s t e r (Table«^W> as the water balance a t the end of 1977-78 
l^nnediate de ta i l ed ground water survey and monitoring of 
minor i r r i g a t i o n works a re needed t o asaess the ac tua l d r a f t 
i n the area* T i l l such a survey i s taken up and conpleted* 
the present P^jf* c t programo^ be aa inta ined in t h i s pa r t of 
the region. The year and crop wise u t i l i s a t i o n of the crea ted 
i r r i g a t i o n p o t e n t i a l expected during 1979<^0 i s shown in 
<Table«XXVZXI}. 
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It la r«coiinittiiaed t h a t the area* shoifingf a naxirauin 
v s t e r t ab le depth of 6 iwter9 duixing the autimer monthe# 
should have 8K>re of tiibe i#ell irriQati(»i» v h l l e the exees 
hcivlng deeper %rater t ab l e should have more ot caneie then 
tuibe wel la . %he c o n j ^ t i v e u«e i s t o be planned in such 
a x^ ay t h a t a t no tiiae during the year the water t ab l e 
should r i s e up closier than 4 cteters belov the ground level* 
The s i t u a t i o n would than safeguard the arija not only 
s a l i n i t y hazards but a l so f r m neceseory Ioo« of water due 
t o evapotranapiiratloa. 
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m m c m q p c o w Y A n m i o r o s %n VARIOUS HASCgfi B O P i E a 
g r F E C T S PN Ot l^tCTX* 
fo l lu t ioQ of wmtftr has imiom 00m ttm eritia^i, 
/ttttd/imQoaaaic issues oi the Omy* hmrgBly dus t o thtt aavslopoisiit* 
r w i d «<3vttiic«»ent ID ehemieaJll IxMlustry technology s s a l s o socscstfslv* 
of tmetHizmrw mnd petticimm, iaereMing ansounts p o i l u t s n t s 
/miem sdd«d t o us te r* Donsstle w«st«s too conta in a aijfbstaiitial 
amount of p o l l u t i n g n a t a r i a l s iditloh swnain untvtatad and goas 
in to tha mmioipal dischargas* 
7ha study area t h a t l i a s in tha c e n t r a l Giinga<»iaBmuna r i v a r 
basin« and ecMraring tha north wastem p a r t of Uttar JPradash and 
s o u t h e a s t e r n p a r t of Delhi S t a t e i s one of the oioat f a s t dnyXqping 
i n d u s t r i a l b e l t s of northern India , Recently, a l a rge v a r i e t y 
o£ indus t r i e s have come ta|p in the area« ranging from synthe t ic 
polsmarst hMMTtry chajaicals* n a t a l foundr ies and ^ e t a l processing 
indus t r i e s t o iwny d i v e r s i f i e d small s ^ l e indus t r i e s (r igs* 10 6 i l ) * 
These i n d u s t r i a l e f f l u e n t s a re of ver ied types such as organic 
wastes from p lan t s processing sugarcanes* ac ids , a l k a l i e s , t a r s , 
inorganic and organic chamicals, toxic stift>stances such as cyanides, 
sulphides , syn the t ic detergents , r ad io -ac t ive wastes, weed k i l l e r s , 
p e s t i c i d e s , and o i l products* 
The indus t r ies using f u e l coal alone a re held responsible 
f o r e s d t t i n g tonnes of coal and shoot p a r t i c l e s , al<wg witii sulphur 
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dleoeiac t h a t mk» ««v«r« damagss t o the bu i ld ing surtmcm 
«iid t h e i r iMitai f i t t i n g s * The o i l £«finft«y vhich i s coming s t 
Mithur* i s liJosly t o csuse dsinags t o T«j| mvml* Th« «miesio«is 
£rc»^ th s s* i n d u s t r i e s bss ides p o l l u t i n g the atmoiqphsirs i^^eh 
inmxp t o th s r a i n %»at«r* t h s i r wastes d e t e r i o r a t e t h e aur£ace 
a r^ grcnand water q u a l i t y , l^he a rea bes ides being indus t r i a l i s ed^ 
ij^ |one of t he most a g r i c u l t u r a l l y f e r t i l e regions of India 
ilrljMire t h e esnressive use a i f e r t i l i z e r s * p c s t i c i d e s and o ther 
/d i s in fec tan t s and municipal aevage d i sposa l a g g r ^ a t e t h e probleja. 
Vimm c cmhmmmB 
f h o u ^ t h e r e a r e about 4S«000 i n d u s t r i a l un i t s i n and 
around the Indian c a p i t a l c i ty« £>elhi« p o l l u t i o n caused 
them i s a p a l t r y SK of the t o t a l . The e f f l u e n t s discharge 
i n t o t h e yaonana r i n e r by these i n d u s t r i e s i s roughly 4«000 
Ki lo l i t r e s a day whereas the d a i l y discharge through sewage 
i s a2S lagcU'iiraes of India* Ju ly 28« 1973) out of which 118 
mgd was t r e a t e d a t t he Municipal Corporat icn p l a n t s a t 
dcltla (66 isgd)* Coronation p i l l e r (20 iagd> and Keshqpur (32 ngd) . 
The 9%\i/Sjf by Cent ra l Board f o r S^revention and Cc«itrol of water 
po l l u t i on (CBPCWP) has shown t h a t l i major r i v e r bas ins a re 
; 
a f f e c t e d by unt rea ted c i t y sewage and r u r a l peopto in the 
/ 
Oanga bas in a re the worst a f f e c t e d whose r i v e r s ca r ry about 
h a ^ of t h e t o t a l sewage discharged by the Indian c i t i e s * 
mm t e n t h of the 5,40*000 v i l l a g e s i n India have p ro tec ted 
/ 
^ e r ^ M t { m ) depend on r u r a l water c^uc ie i 
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t b s t mm inar«ii«^in9ly polXutea doiasvtic And 
induat r i f t l V9tmi» £ro» c i t i M * Out of 32100 towns onXy 217 
c o l l e c t « t l ea« t p a r t of th« aewagv anil ttight c i t i « « 
c o l l e c t ana t r « a t th« »«waga con^l«tely and out of 142 
c lans t c i t i e s 72 c i t i a s na l tha r eol l t tc t nost t e«a t tha 
{The 2-«i»aloli}9 70 c i t i e s including Z>elhi aire p a r t l y aavarad 
and asoatly without mmrngts traatiiiaiit plant® (CBPCm r epor t 1979). 
ynduatr ial Pol ln t ioPi Thare a r e var ied types of i n d u a ^ i a a 
aa a t e t ed e a r l i a r which through t h e i r amissioiwi* eo l id and 
l i q u i d vaates po l l u t e var ious bodies o£ water 
•u r f ace and ground iraters* A suevay of indus t r ies revaal 
t h a t tha various induat r iea of t h i s region could ba grovi>&d 
in to tha following categoriaa (Figs 10 & 11 >• 
(a) Food product indus t r iaa 
(b) Bavaragaa, Tobacco and Tobacco products 
(e> Cotton Taxt i laa 
(d) Woot« s i l k and syn tha t ic l i b r a t a x t i l a s 
(a) Papcr« pulp* p r i n t i n g and publishing vorka 
{£) Rubber* p las t i c* patrolaum and coal products 
(g) Chemicals« chemical and pa t rdoum productsi 
(h) itoo««natallic minarol products* raf rac tor i t t s* briclai 
and t i l a a * 
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( t ) gfisie istttal And taXc/y indus t r i«s 
( j ) Hital products and nachin«ri«s 
(K) ThiMcxaal poumr pX«nt»# t r anaa i s s ion l i n e s . E l e c t r i c 
d i s t r i b u t i o n wir«a and cables* 
Due t o non a v a i l a b i l i t y o£ authent ic date i t ia not 
poasible t o give the t o t a l consunfitlon of the vwciOMS resw 
mater ia ls u»ed hy ^ c h groi^ of induatr ies* The consivm*^lon 
ot coal which 13 one of the main aouyrce of po«ier gene ra t lm 
in the region alone 6\3pply so much of dust in the area 
ground Delhi during the isonths «June end Ju ly t h a t 
i t exceeds a l l c i t i e s od? t he %forld in quanti ty* ^ho ti/o 
power stati<m« « t Badarpur and Indraprestha e s t a t e throw 
out SO tonnes of f l y ash and 70 tonnes ot sulphur dioxide 
iq;>art from the discharge at gas from the f i r e wood used by 
the indus t r i e s sprout ing a l l otrer. Besides the re i s 240 
tonnes of deadly carbon mcnopDcids, 30 tonnes of hydrocaxbona* 
t»ro tonnes of sulplior dioxide and iib<^t 20 tonnes of oxides 
of ni t rogen eiU.tted da i ly by the c a p i t a l ' s auto-MObiles 
(Indian E3q;>ress* 2 t th August* 1979)• To c i t e as an exai^le* 
Table«OOOC , shoirs t he po l lu t ion created by the use of coal 
in the region* 
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Zn r«c«nt y«ars thmrm has been mn iocmBm^ use «f 
agr icu l tur t t l clMimic«l« iiot«hlsr p«»ticidMi itfid £«irtlllai«r»« 
Agr icul tura l £« r t i l i e« r« sold comwrela l ly g^rnxmlXy inclad* 
one or more o£ the toiiin pXmxk nu t r i en t s Xike nitrogen* phoephorue 
end poteeeiUQ* m j o r i t ^ o£ ni t rogen in oerttawreleX f e r t i X i s e r s 
ie eynthe t ic atniaonie (IQI|)r or one of i t s ae r ive t lvee ^mh ee 
efflnonium n i t r e t e ( siK^ m ^ ) or enmoniuai e u l i ^ e t e (IIH^}^ 
ni t rogen ie produced eooietitnfte in organic form eueh 
ee urea (CO (^¥12)2 > end ca le iun cyanetside (Cm CS^) • Other 
types of f e r t i l l e e r s are mono end dicaXcium phospliate 
CCa H^ Ca^ ^ ^ eianotiiuna polyphosphate, p o t a s s i m 
chlor ide (IQCX) end potessium sulphate (K^ Most of the 
phosphorus in f e r t i l i s e r s come froia rock phosphate %fhose 
p r ine ipe l co^i^onent i s f l u o r e p a t i t e (Ce^ 
Yinal ly grounded rock p h o i ^ ^ t e i s genera l ly t r e a t e d with 
r o u ^ l y an equal amount of sulphuric ac id t o pro(9kice a water 
so luble mixture of mcaioealoiuHi phoi^hate (Ca ).| and 
calcium sulphate knoim as sqyer phospHete* ^o^ss ium 
f e r t i l i s e r s o r ig ine te from the mining of sur face and under-
ground dspos i t s of potesh bearing minerals and ro^ks* 
Problems could a r i s e from excessive use of f e r t i l i s e r s 
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oi tht i ff tsamq^^ntctieft^ t s t a qtoui!^ w»t«r by 
leaching or i a ^ wmtrnxmrn^ a by ii«tiir«i dcsiimgii and • t o r n run 
c<f • i i i t rf t t«s ««« oC •pttcjUil eooiemxn b*cau«« tlicy g m r a l X y 
f i n d t h « i r way i a t o v«t«jrwftyii f r o n f a a d l o t s and f« r t iX i»«r 
u»»« Vor iiaasr th« Pid^llo Iwalk^ • • r v i c a facoamtndad 
t h a t dritdUiig na ta r uaad h^ in fan ta altould not b« morm than 
tQ ppm a l t r a t a a * 100 p i ^ i a ttia SPA atandasd f o r a l l 
drialdiig %mtmmm 
around na t a r a v ^ l i a d dbt«i»ad from tha t ta l la in tha 
agr ioul t t i ra l araa» of tha ragioii i m ^ r stui(^ »mmtim9 ajioaad 
tha pmmismiJblm l imita* Ona of t h a poaaibla raaaona ni0>t Isa 
tha phaiiQMaiial iiieraaa« i n tha uaa of f a r t i l i s a r a f r o n lakh 
tofmaa of i n 1»7S»79 t o 49 X^ SfSh tonnaa i n 197?*7a. 
7abla-xxx ahowa t o t a l conauaptioo of 8.1P.K* from 1974 t o 1978 
i n t h i a p a r t o£ tha eotaotry* ^ l l a r l y on tha na t iona l 'l«nral 
tha ra i a a 25% and 149& ineraaaa i n Kharif and ftdbi eropa annually 
( 
]»y tha aonaunption of varioua nut r ian ta* 
Xn tha araa mda r atuAy« t ha iratar po l l u t i oo dua t o 
a a r i e u l t u r a l ii«»itta could thua ba atiMaariacd aa fo l lowat* 
i ) Mitrooan CqMaoundat To booat a g r i c a l t u r a l acoaonqr 
haphaaard uaa chanical f a r t i l i s a r a r aau l t a i n an ineraaaa 
in tha n i t r a t a contant of ground watar« (Tabla«XXX). ftyid^iotio 
and Boa«ayiibia«;ic f i l i a t i on of annonia a l ao cont r lbutad t o tha 
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mil n i t rogun budgpe. Xt is «»tiinftt«d t h a t 6O«-0O 
nitirogttti i s hif g e a i s p«r bu t i n f od te r 
l ikt t bmrBmmm t h i s my • • h i ^ 400 kg/hsetwm* 
Thtt f i x a t i o n ci£ n i t rogsu i n a o i l * growing 
i n e l ^ s t h « t from b lu* gc*on a igM* Aniaiai w w t * c«n 
oon t r iba t« t o th« wmw mH ni tcogen budget* Mieh of t h i c 
o i t rogsn i « o i t h o r gmmmmd with tho httcvvsted p o r t i o n of tim 
erq?B bu t m po r t i on nmy bo Xoat b^ v o i ^ t i i i e a t i o n and p a r t 
nay ba laaehad d e m t o tha aa in ground watar bodsr* I t mty ba 
auBfuariaad aa fo i iowat* 
Far t i J l i aa r ^ i t rogan (n) • f istad 4 Warn ^a rd manura 
inputa (B) m (a) m o r a d * in) v o l e t i i i a a d i n Crepa ^ <13} i n 
orcp raaidtiaa • (H) Xaaehad t o ground watar* 
Xt i a aat i isatad t h a t i n Zndia t ha racoirary c£ «pp|.iad 
n i t rogan i a about 3S9C t o t&H^ Tha Xoaa of n i t rogan alira^ra 
taliaa p iaca i n tha farm «o i l t h a t haa no r a t a a t i o n capac i ty 
f o r n i t r a t a a » o thar than t o r t u o a i t y of tha pa th vay and blockad 
poraa t h a t tand t o d i f f u a a tha n i t r a t a i n an advancing watar 
f r o n t * Mitrata loaa dtpands on t h a f l u x of p a r c o i a t i n g na tar* 
( i i ) fhoaphataa t Dua t o i t s Xgh s o l u b i l i t y t ha t r a n s p o r t a t i o n 
of phoaphata f r o n a o l l a t o p lan ta i a by di f fua ion o«rar a rmsf 
ahor t diataniae. Tha l o s s of phosphata i n watar from aoiXa i s 
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act/ i n ecmpmrimm t o qtt«nti t i«» jptlwied from 
m u ^ i c i i ^ fttid industsrlaJL «r«»t#8« Tiibl»*40UC shcwrs thm c o b s w t i o m 
phosjptuit* £«rtiJLis«r» Iti th» jc«9i(»i i ^ i c h At place* shcnr 
t o « t i n»s i o c p o m cnrer a f period* 
! 
\ ( i i i ) Pot—h fer t i i i i i eg>a In i«c«nt ymars tmtNt hft» Imm • 
I :aMid»i:«l»Xe iiicr«a«« in the uee o£ potaeh f e j r t i i i s e v e <Tia>le«X3a> 
i 
jto booet egriouXturel proauction* The inereft te of poteeh end 
l^oteeeium e e i t e in t he water bo<lie» of the reg ion i « obf'ious 
through e o i i eroeioa m d pereoXetion along with motriiig waters , 
a imi i e r iy the coneuz^tion oC potaah £ e r t i i i e e r e has inereaaed 
fi»siifol.<l i . e« iS46 taa» t o 1598 tcm», 33 i tcma t o 1108 tone« 
15967 toaa t o 267SB temo^ 1654 tons t o 3091 tooa and 37124 tona 
t o 45468 tcaift i n Agra* Mathura# Aligarh* Biaandahahr and Mterut 
d i a t r i c t a reapect ively)* 
iNiaticideat Taiblm^xxK^ a lao eeveala an increaaing t rend i n the 
use o£ pea t io ides wmr a f i v e year per iod (1974-79) froai 
7604.15 kg t o 36763.250 kgi 4139.450 kg t o 15870.735 kg . , 
4733.497 kg t o 17933^591 kg . , 77930.720 kg . t o 2195780.360 kg.« 
and 857361.00 kg, t o 2392262.00 kg. in Agra, m t h m , Alig&rh« 
BuXandahahr and imrnrut d i a t r i c t a r e spec t ive ly . 
135 
M t l c i d * * i!iov« in tfm •miJtommnt in inany ways* 
0 
occur «s vapour o r a»dpltttit du« t o iipr«ying op^rfttioiui^ iroJl«ti* 
l i s t t t ion o£ coiqpouiids from s o u * nad pif tnts or burning of 
omtmviMlB ec^itaining resiOiMMi and t h a i r ncnranMrnt in a i r may 
occur vapour phaaa or «l>aorbad on duat p a r t i c i a s which a ra 
g raa t ly afCactad by iaataoro2.ogieal condi t iona . Tha paa t ic idaa 
may tm t ranspor tad in tha form o£ anvil 1 partiicloa which aattXa 
vary slowly under the p u l l of gravi ty and may ba diaplacad f o r 
conaidarable diatanca tha wind. Thay contaminate rain* 
aurfaca mCL ^ound watar bodiaa* ^ho dageea o£ paa t i c ida 
contamination dapanda on f i a l d applicat ion* a o i l typa and dagrai 
of abaorption by a o i l co l lo ida , oode and r a t a o£ app l i ca t i co and 
dagradation* Acuta and aub«»«cuta human intoocicationa hava baan 
raportad f o r aach of tha o rgano^h lo r ina paat ic idaa* 
mt r i l FrtAtfrlgR to m I f g l g n i 
Baaidaa induatriaa« aawaga and othar BRinicipal diacharga 
f a r t i l i a a r a and paa t ic idaa a l a o oont r ibuta in tha accumulation 
of t r aca aiat:ala in varioua watar bodiaa of t h i a rag ioo . As 
diaouaaad a a r l i a r (Tabla*XZ) indua t r i as l i ioi papar milla* papar 
boacdSf organic and patrochamieala, inorganic chamicala, 
f a r t i l i a a r a , pa t ro laua raf inary* i ron and a t a a l found^riaa« 
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iBofcor Yttbieltts, 9l«M and bang!* iiidiuitri«s« t«3ctlX« mil l* , 
taiming and f i n i s h i n g industria«« thaxsial power housw* 
bftttaxy pl«nt«# a lve t rop l a t i ng imSuatrias* meat p m a a t i n g * 
hxmmxy0 s o f t drinka and flanrourings« t a x t i i e dyaing# c a r wash ^ 
painta* t y r a and nibSaar indua t r i aa , ate* (Figa lo & l i ) baaidaa 
tha d a m a t l c a f f luan ta* M i eont r ibuta t o M i r ^ t he high concantr« 
a t ion of Cr* Hi,Ctt« Cd« 7a* m , m « te* , i n th« watar bodiea 
of t h i s ragioB* At piacas t h a i r e<»icantratic»i i s oueh t h a t thay 
maim watar u n f i t f o r doeaestic or i n d u s t r i a l purpoaaa. 
WATER 
chemical qua l i t y of v a t o r i s a f a c t o r of grea t 
i 
s igt i i f icance f o r i r r igat icoi and domeatic pt^xipoaes* P rac t i c a i i y 
a i l water (iontains dissolved s a l t s and gaaea taken from aii?« 
A l i t t l e organic matter i s inmr^uriably present in pure water which 
i a general ly in c o l l o i d a l condition;. • 
Tha^  iiqportaiice of daterMining adverse e f f e c t s of chemi-
ca l s xspm h^iiian heal th htm gained Monentun during the l a s t 
decade* bclth on a c i e n t i f i c and aaKSticnal grounds* The prima 
I 
aisi f o r aalt j ing standards wiMther reccnMnnded or Mandatory i a 
t o protecyjhvman health* standards f o r dr inking water* a i r 
and food ,4re intended t o l i m i t the concentrat ion of chasdcala 
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b«l.ow t h a t prodiie« • f £ * c t « . ms^mmrt t h i s ^ p r o a e h 
pwmxtam* t h a t a sound »ci»ati£ic da ta base mi9t» to da^liiM t h a 
MaximiMi «jq;>otturo l ava la f o r a a p a c i f i c chemical coni|pound(8u|>X, 1974)* 
For a a t t i n g driidclng %iatar atandarda an extaoaiva 
imoirtedga o£ both q u a l l t a t l v a and q u a n t i t a t i v e na tu ra of t h a 
ttffacta o£ a p a r t i e u i a r e h i ^ c a l on iiman haa l th i a caquirad 
(Bull, 1 9 7 4 T h a ac tua l pr<ft>lam thua a r i aaa from tha f a c t t h ^ t 
f o r a t l i i ca l raaaona human balnea can not ba d a l i b a r a t a l y asqjofad 
a f f a c t a t o potant iaXly harmful charaicals so aa t o study t h e i r 
on human h a a l t h . fabla«X}acz» l i s t s soow of the isost we l l - / 
I I 
cha rac t e r i s ed tCKic i n o r ^ n i c spec ies and may of t h e b i i r t l an t 
aniona auch as CC^ . ^ , Sjj and which coj^>it^ wi th caT 
f o r 
coordinat ion a i t e a t o focm i n a o l t ^ l e p r e c i p i t a t e s hare 
been anroidad becauae inherent toacicity i a r e l a t e d t o b iowrai la* 
b i l i t y (Ca rd i f f , 1972}* The f a c t o r s l i s t e d (Tardif f# 1972) f o r 
a e t t i n g dr inking water atandards f o r cheniicala include (a) Type 
and degree (b) populat ion expoaure (c) phyaical a t a t e of chemical 
and (dil teocicity toMirda nan and enperiiMtntal ani»ala« 
In moat of t he caaea o ther madia lilce food and a i r 
accounts f o r t he enrironmsntal •xpmurm while determining a aa fe 
Intake a£ dr ink ing water . In nany caaea t h i a p r a c t i c e aay not 
y i e l d s a t i s f a c t o r y r aau l t a and could not be used everywhere 
e l i k e . r o r example populat ion expoaure t o lead by ingea t ion of water* 
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food a t u f f * and th« inh«l«tioti of AtmosplMirie p«rtic^}l«t«» h«i 
ijMn mttmtmirmly s tud iea . I t no t lcsd thii t th* urban popuXfttioci* 
»otor mtchmnioi wid reaii tents in wtmm» cXmm to highly tx«yell«d 
motor «re •aepotftd t o higtwr amounta of 1% than th« avaraga 
o l t i sans* Consoquantly a lower Pb l i m i t in dr in iang water has 
t o Da f i x a a in aueh araaa* (Tabla«XXXX2>. Simi lar ly Hg l i m i t 
ifas a lao l o ^ r a d on the aaaixa^^tion t h a t a l l f iah in da i ly 
contain 0*5 jpm of Hg in tha form of aiethyl«4a»rct]ry «hioh i a 
not raaliatiltc i n itiany caaaa* As a t a t ad a a r l i a r the chemioal 
spacing a l^o posea d i f f i c u l t probleiaa t o be resolved by the 
Ghamicala^ phatmaoologiata and toxicologiata^ especia l ly* whfii 
i t i a in /contex t of synergic e f f e c t s as encountered in na tu ra l 
i#atera*/ The in te rac t ion of laercury mad cadmium f o r exai^le# 
restalt)^ in de tox i f i ca t i on nor the mult ipl icati<m of t o x i c i t y 
effectjli on metal ion contoinatiooa, Such as n ickel end sine* 
c o f ^ r j and s ine or c c s ^ r and cadmium which may lead t o f i v e 
/ 
f b l d i k t o x i c i t y (liaberer and Kormann, 1971) has e i t h e r been 
explained or r e j ec t ed or a a c i e n t i f i c basis* I 
The four th f a c t o r i *e , t o x i c i t y tcwards man and expe r i -
mntil animala has proriAad much he lp fu l data espec ia l ly in 
reapect of t i a h tes ts , , The c l a a s i c a l method f o r determining the 
t o x i c i t y of a given chemical towards a given organism involves 
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thft XiD^ SO (or Lc 50) t««t« Mthough c ry t t l e i s t t a f o r lack oif 
•nduranetf randomnvsa* fol.lo«r xp oC •luevivlng iwini3«r» of th« 
•p«ei** ftiia th« «iiipXoyflM»iit c i JiiisgX* ch«nile«Is <Grfty 
V*iitiil«« 1973) such t « s t s widely Miployvd, 
Wfttcg qy i l l ^y f y ^ t f f l t t 
Modejm ehmiiatfy b«8 nmlt ipl ied tiMi tiurei»»r oi tcaeic 
cheniieads* Cvmx 7000 dangerous ehemieaa.* mm immmt fortuoii taly 
iQost of tfmm micm Jiitaitttd t o tlw indvwtrial Bmiemmnt v/trnxm 
tNsy er* the e<»acarB o£ iniSttatrial TlH) pubi lc a t 
piaca»» however« l a aXao a t^ jec tad t o s t rasaaa £rom toxic aganta 
in air« t ^ t e r and food» MKe chemicaXa the toxic agatita may be 
orgablo and I n o r ^ n i c * the organic tox ic agents include corapCNmdi 
of earlxm ond hydrogen with nietal l ic or non*-iaetaiiic eXeinanta, 
Thty include fooda* peaticidea« aolventa« • o ^ a i f i e r a and £ood 
additivea«. Theae food a i^ i t lTea are not usuaUy regarded as 
taacie aganta hut they can be hassardcua if incor rac t iy uaed* 
On the other hand the inor^Binie conpounda of araenic 
J 
and he«»ry ae ta i a if ingeated could cauee acute and aooetioiea 
ra$>id damage t o the bcdy« Radioactive a i ^ t a n c e a lao cauaaa 
danago t o heal th through radioact ive emiaaiona* 
Xn accordance v i t h tooeicity data obtained from hiAn^ n 
c l i n i c a l inveet igat iona and varioua other atudiea auch aa aninal 
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msspmvtmntBt drinking i««t«r BttmAmvAB hava bfttn prcpos«d by 
var ious gon^rnmvntal bodies* giV9» a stinmaxy 
«€t«c Hattiagh Ci977} of the s tandards usad by var ious gcnranuoantaX 
aod voluntary organisat ioos liica tforld Haalth Organisation 
(WKO}« U.S. Piibiic Haaith Sarviea {mm») . South Afr ican Buraau 
c£ Standard (Sabs)# Russia im&Jkh uSA National Acadaa^ of 
Scieneas Aus t ra i ia , Japan« r .R.G. and Bmrironmantal 
Protact ion Agency (Eivv) oi t/.a.A. Al l concentrat ions are in 
pg/l and coopiiad by Hattingh i x ^ t l ) , axcept £or F.R.G. data 
which ara a f t a r Scho t t l a r (1977}« Drinking untar standarda 
usad by Cantral Public m a i t h and timitanmntal Engineering 
Orsanisation (CSEBO)* itiLnisticy of Works and Housing* Oover i^n t 
of Zndia. Hawv* Delhi, 1976 ara given i n 'SshlrnmSQ&Sf, 
The c l a s s i c e n t e r i c diseases of m n auch a s typnoid 
fever* d^sentry, and cholera a re t ransia i t ted mainly by i fa te r . 
Although the western world i a general ly f r e e from epidaiaics of 
t h i s nature , the developing nations of the eaa t and west a re 
n o t . Bodily diaoharges froai in fec ted persons f i n d s t h e i r way 
i n t o water couraea t h a t a re used by o the r persons f o r dr inking 
p*rpes*s. Soiaa of the comnK n^ diseaaes where water«vorks as 
a ca reer are l i a t e d in Table«daQCV. 
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^tmomiUGa at mtmrut 
Th* o£ tbfli AtnwMiptwira in the g*och«ralc«l oycl ing 
a t «l«nwzits hft5 r>ttc«iv«d iQCj:*«8lng a t t t t s t ion during th« lA«t £«w 
dmcmAm iMkmaa, X9S2, 19«0i lieCaull, i97Xi Chouse and Pttaraoo* 1972i 
Z<ibml, wnt Choima« 1974| Amtk^ 1973f ZdlXmr* al* 2974« 
OUQa a t i97ai Cha«t«r and Qtocmr, 1973 a« 2973 b$ CroceJLiua 
a t 1975| Axtmim, I975i ^ t t a r a o n a t al» 1976 ht HuntlcJsar 
a t ai» 197Si Goldberg, 197S ai Ouce €st a l , 1975* Goldberg 1976| 
BnuaaacK, 1977r 1977| and aiid Duca« 1977)• 
JOavaatigBticms on these l i m a have ohowr* t h a t eqwatic end t a r r e s t r l a l 
environments receive a c^tosiasriible jsmoont oS aXem^nts v i a wet 
and dry daspatches* MmmptmcXis p r e c i p i t a t i o n in the £ o m r a i n 
and snow« as « e l i as dry £ a l l out a re responsible i o s the t r a n s f e r 
oC considerable aiaounts of ions frotu the ocean t o the cont inents 
as well as £r<9m the ataaosphere t o the e a r t h ' s su r f ace . Human 
a c t i i r l t i e s through the combuntion of f o s s i l f u e l s as well4 as 
o thar anthropogenic etmissions have considerably a l t e r e d the 
geochenioal cycle by introducing sevara l e lanents i n t o the atmosphere 
and uiftlRiately i n t o ^ t e r r e s t r i a l and aguat ie mmircajmntm a t 
r a t e s ooRperable t o those^ of na tu ra l forces* ^he usa of ter re i i^ thyl 
lead as an antiknock addi t ive in gasolina in accounts t o r 
one t h i r d of the i n d u s t r i a l lead addtd t o the ocean (Patterson a t al*« 
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i97e !>)• About i0«000 toM ot th«ft« ««ro«ol« a re moamA fttmuAXly 
by dry <3*p€Miition and wash out faron th* atewMiph i^r* whil* About 
60« 000 tons uddttd by irlv^fs and mrnmrm mm a t o m mm o i l 
p«vi!d •urfac«s which o o i l c c t tha aaroaol on land (Battairaon a t 
a].«« m e b)« 
S«^ tances dapoaited throui;^ pracipi ta t ion^ dcy p a r t i c u l a t a 
mttmt mmtoBcHm and aXao my s i g n i f i c a n t l y augmant tha 
o£ both aasan t ia l alamanta and po t an t i a l l y in jur ioua 
»vSb9tmnemB t o ta r raa t r iaX m d aquatic vagatation* aurfaea d4^oaita<l 
poi lu tanta caay hatra a aigni£icant iiqpact upon the loca l acoayatam 
aa the poi lu tanta an ta r in to and tjcaval t h r o u ^ the b io logica l 
pathiraya. This aipart f jeom natural t r a n a f a r o£ aea a a l t nucla i 
b r iMNina of aaroaola from tha aea t o t he land and aoina photoch«&ieal 
raact iona taking placa in atmoaplwra, t h e oontributiona from 
land am0B, indua t r ia l aoianationa* burning of f o a a i l fual« uaa 
inaaoticidaa« fungioidaa and f a r t i l i s a r a aa €<^iar Bprmym, 
can a l l a f f a c t tha contant of t r aca alaiaanta in tlij* atoioaphara 
v i t h tha r a a u l t t ha t tha eonpoaition of atsMaphax^ var iaa f r a n 
I 
loca t ion t o loca t ion , t h i a , in tuni« influancift tha eoac»oaition 
of aurfaca and aub«^iurfaca watar bodiaa, X l t h o i ^ aona 
data on tha concantration of major iona praaant\ in tha rain^ ' 
aurfaca and aid>^urfaca vatara hava baan piA>liahad\ thara ia 
hardly any data on the occurranca of t r aca matala /^ cL r a i n , 
aurfaca and aub«aurfaca watar bodiaa of tha aaaia jjralgion in 2ndia# 
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i » e f ^ m m ^ ^ with thii mttjeSfy a t tlMi 
ecsaccr&tratioa l«v« l s of both isajor icn» ana tJPacc mtal9 i n 
s&in tfater« leusfac* ao^ wat^r bodies f&aiing wi th in 
the i»auft tr iei l is*d b e l t of nearth-Matftm m t k r Pradesh t h « t 
forms t p a r t e£ C«ntr«i Gftngii Ktetima btisiii. hn fttt«inpt h«» «l.so 
tmi&m t o f i n d out thm var ious sources of p o l l u t i o n mnd t o 
ragg«at t be ceawOi&l i £ 
aeiqpl.»» £min* aur£ac« »ub«i«ur£ac» (shttllow watar 
4sq;ui£ejrs) water a m c o l l e c t e d f r o n the ttirban i i«3tietr iel leed aceae 
o£ t h e iMiein and a l s o £ccm ttQ a g r i c u l t u r a l r u r a l eurrottmUngp* 
•The eaiqplee a re t e J t e d f o r allcalinitsr (pH) and a l e c t r i o a l ocjiidijctivl 
and analirsed £or t o t a l d issolved aolida* bieaxtoonate, chlor ide* 
su l f^a te* n i t r a t e , flt>oride« oalciunt, ata^nesiujnn^odiiim and 
potaaeium ccmtente. The d i9 t rSbut ic» c i these major iona in t he 
var iooa water bodies itm given as Collows. The £iiiurei« i n 
pa ren thes i s r ^ r e s a n t t h e wrer&gc value of t h e data recorded 
separa te ly f o r each Ion f o r thsee consecut ively t r m 1976 
t o 1976* The v a r i a t i o n i n minixmaa and tmrJmm^ concent ra t ion oC 
var ious ions f o r t h ree y e a r ' s consecut ively with each y e a r ' s 
avera9e« i n d i f f e r e n t p a r t s of the s tudy area i s shonn in Table-Z«XZ] 
separa te ly f o r rain» sur face and s u b s u r f a c e waters* 
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thtt record of t o t a l dissolved • o l i d i team the f i r s t 
tnomocm r«in ahowwrs f r o q 1976 t o 1978 tt ir«r4iK3 t r « » l 
in dif £«r«tit p« r t s th« under ntudy* Th« w x m g ^ t o t « l 
difisoivttd soiXds oir«r thm thr«« years pariod COOMM t o 54«3t ppm 
Zn th« «outh««««t<im p a r t d i s t r i c t ) of tha 
bwiin tha I'.D.a* the f i r s t nonsoon r a in s (to'ing i976 
v a r i a s from 9 .0 ppm t o 47*5 ppoi with an average <s£ 26*25 vpmm 
Zt goes i ^ t o 47.5 p m in 1977 and 54*79 ppai in 1978 with a t h r e e 
year average of 43^ 49 |9|>fli(Tal>le»I*l). &ia i l a r ly in otiier p a r t s 
o£ the region i*e* in m t h u r a , Aligarh« Sulandshahr and Mserut 
i t va r i e s froQ ppa t o 87«3 ppm (77*16 ppm)* 3S*9l t o 
45*7 ppmm0 (39*2 ppm)« 44*91 ppo* t o 62*82 ppm (SSt74 ppm) and 
S3«2 ppai t o 60*69 ppm (55*63 ppi») respect ively* Zt i a a l s o 
noticed t h a t abnoraally high T*i>*s* ccascentratiaa in r a in waters 
geiMBrally occur oirer the i n d a s t r i a l townships l i k e f a r ^ 
(112*5 pp«i# Table^-xxxyz) north«east of ^gra Z n ^ t r i a l es ta te* 
Bisrakh ( 107.0 ppm, Table-oocxzx i near Ochla i n d u s t r i a l e s t a t e 
in Bulandshahr d i s t r i c t and Chhaprauli (84*60 ppm, tableMXXXX) 
n o r t h e a s t of the Indus t r i a l Batata of the union Te r r i to ry of 
M h i and s i t u a t e d in Meerut d i s t r i c t * 
8ia»ilarly« an increase in the T«p*a, concentrat ion in 
sur face waters from 1976 t o 1978 has a l s o been no t iced . Zn 
Agra«it ranges from 1641*0 ppn t o 2057 ppm (1829*2 ppa) whereaH 
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in M i g a r h and Mltrnmit d i a t x l c t * i t indreiiiSM fiXHi ppra t o 
aOiO.i ppm (19U.26 ppm) «nd 1076»0 ppm t o 1310«4ppai ( i i67»3 ppnJ 
rv spsc t i v t l y* In f ^ n d s h a h r d i a t c i c t cm t h e o th«r hand* th«r« 
i» tt s l i g h t dicr«a«e in t h e conc«ntr«t ion from 1976^  
(1730*9 ppia) t o 1977 <tl4S«S0 ppoil 9r«<lually lncr«a«es t o 
1$6093O ppa in 1978 br ing ing t ^ t}ijrft« avAragft t o 1414«$6 
(Tabl»«4*Z)« Hi d i « t r i c t « hCM«ver« th«r« i s a dscJEWssing 
tx«ad txxm 1843«e ppm in 1976 t o 1279«0 ppm in 1978 with th« the* 
anreiTibit of 1477*06 ppa« thm Iftftfit eonct tntr«t ic» 
in su r feoe wftt«cs i s found a t Ahair (230*S ppm^ t«bl<MCZ«3V} rmat 
t h e Qeuagts r i v e r in Bulandshahr d i s t r i c t and tmximvan a t SanHra 
<34S0*0 7abla«^auxxx)# the Khandsari sugar f a c t o r i e s oan t ra 
o£ M i g a r h d i s t r i c t « 
Tha h i c^a r t o t a l d i sso lvad s o l i d s coneant ra t ion in su r f aca 
t i a ta r i s a l s o Ql»sa£vad in t ha a raas which mem a i t h a r s i t u a t a d 
in t h a I n d u s t r i a l townships (Kunihai* Tablawa«3:# 3531,0 ppn) naar 
Agra I n d u s t r i a l S s t a t a and naar Vmt OKhla i n d u s t r i a l S s t a t a 
(3360.0* fabla«XLZV) in Sulandshahr d i s t r i c t or i ^ r a s o i l 
a ros ion dua t o in tans iva a g r i o u l t u r a l a e t i v i t i a s (Barmtit# 3160*30 
Vabla«XlAr) in Maarut d i s t r i c t and o thar anthrqpoganic soureas 
l iHa urbanisa t ion and bu i ld ing a e t i v i t i a s ara in p rograss l iHa 
m w h oaar^ ia Bulandshahr d i s t r i c t M H H H I (31S0 ppai* Tabla«XX.ZV^^ * 
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h inex«««« in th* t o t a l di»«oiV«d so l i d c«at«&t» in 
ttm surfacii water in t lw araa f r o a i ^ a t m i i i tSift^  doMostjraam 
Mxmctim of tha Itenuna r i i rar haa a l ao Iwan obatlcvad. For 
•xaia^ia, Chl^raul i i n ttw Mpatraam of Vibmuns r i v e r ahowa an 
increaait in TDS content frtmi 495.0 t o 1130.0 ppm (Table^XUZ) c^rar 
, I 
the th ree year per iod with the average d 633.16 j^si (Table-XW) 
and a t mmihai near Agra in the damatream from 2531.8 t o 3019.93 ppm 
with an mrerage of 3813.55 ppia Table^XZ*!). The Canga r i v e r 
watera on the other hand indica te no s i g n i f i c a n t increase in t w , 
content i n t h e i r downstream d i r ec t ion because of the f a c t t h a t 
t he re i s practicaXly no b ig c i t y or an i n d u s t r i a l township s i t u a t e d 
a t t h e bank of Oanga r i v e r t o po l lu t e as cooipared with the rmtixm 
where soma of the b igges t i n d u s t r i a l townships of Horthem 
India na-nely Faridabad* Ball«tbhgarh« Ghaaiabad« Modinagar have 
cone i n the recent pas t* 
Lilcewiae the sub»surface waters a l s o indic t t e an increaaing 
t rend in average TCS concentrat ion in Agra and Maerut d i s t r i c t s 
from 1743.2 pp«. and 839.75 ppn. i n 1976 t o 1954.1 ppa and 
1308.3 ppn.' i n 1978 with an average of 1836.0 and 1080.5 ppm 
(Table •.IX} reapec t ive ly . In mthura and All^^rh d ^ t r i c t s y ' 
i n 1976 i t waa 1665.1 and 1661.15 ppm reapect ively but gradually 
the valuea decreaae^to 1635.37 and 1550.3 ppn in 1977« and again 
went up t o 1805.0 and 1855.0 ppm in 1976. The average of th ree 
yeara anountsto 1703.99 and 1688.76 ppm respec t ive ly , in Bulandahahr 
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d i s t r i c t , hoiriVttr« th«s« i s a graduaX iner«as« in TDS concent ra t ion 
in atil>-«tirfac« water* from 66i*44 ppm^ in 1976 t o 682.30 ppit* 
i n 1977 but t ha re i a a f u r t h e r decrease t o 620.5 ppmi in 1978. 
The average value of t h ree yeas's comes t o 821.6 spm (Table-Z»Z)^ 
l^he miniiinsiii t m concent ra t ion i n ground waters is« however^ not iced 
a t Shikarpur <201.4 ppm, Table<«xiiXX) in e a s t e r n p a r t of Buiandshahr 
d i s t r i c t and asximum a t •'awan (3180.0 ppm, Trnhlm-^mxil) i n 
M i g a r h d i s t r i c t . 
The r a in v a t e r sangples a r e genera l ly wi ldly a c i d i c with 
an average pH of 6.22 (Table.-ZiII), recorded over t he e n t i r e c e n t r a l 
Gftnga-Vamuna b a s i n . On the o ther hand the pH of t he r a i n water 
o m t Agra d i s t r i c t v a r i e s frosa S.S t o 7 .2 (6.12) dur ing the 
t h t e e years per iod (1976*78). The loaxiimsii pH i n r a i n waters i s 
observed near Saiyena (7.2* Table.0CX3CVZ), on the Rajasthan border 
in s o u t h w e s t e r n p a r t of Agra d i s t r i c t and t h e niniotun a t l i i i a a ^ u r 
(5 .5 Table«XXXVZ)« nor th -eas t p a r t of Agra d i s t r i c t . Zn Mithura, 
Al igarh, Vulandshahr and Mienxt d i s t r i c t s t he pH of t h e r a i n water* 
v a r i e s frooi 5 .6 t o 6 .9 (6.36)« 5.7 t o 6 .9 (6.20), S .6 t o 7 .0 
(0.67) and $.6 t o 6 .8 (6.38« Table«£iZZ) r e s p e c t i v e l y . 
! 
f 
ftui^fice water bodies i n t he area under study a l s o r e g i s t e r 
j "In -
an increase^pH.jtei t h e average during t h e period* 1976-78. «f>H range 
from 8.S^ t o 9 .3 with an averags of 8 . 90 f o r the e n t i r e basin* 
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l2lstjrict*»ifl»o imxmm9m f o r ttm t h i s pe r iod var i«» from 6«4 t o 
T A I > I « * I I X X ) , 7 , S t o 9 * 6 7 , 6 t o 9 . 4 ( 8 . 6 4 ) 
?«4 t o 9 . 6 (e«e7} aoa 7*9 t o 9 , 4 (8*8i) i n A^ra, 
8u3.«idsti»hr Heftrut d i s t r i c t s r s s p s c t i v c l y . 
Ths pH o£ the ground i r s t s r s v a r i e s ttm 7.70 t o 8,35 
dur ing 1976 nhich gradual iy f a l l s t o 8 . 3 in 1977 and 3 , 1 i n 
1978 n i t h bas in wrarage of 7,97 ppm (tai»la<»Ii2Z) f o r t h e t h r a a 
year p e r i o d . On the lAtole the year 1977 r e g i s t e r e d a f a l l 
i n t he average pH va lue a s wel l as i n t h e e v e r a l l maior ion 
and t r a c e metal oontents i n t h e water bodies t h i s region* 
Agifa d i s t r i c t * pH g£ t he groimd irater v a r i e s from 7*4 t o 
9«a (8*03) i n 1976t 7 .2 t o 9«3 <8*3) i n 1977 and 7*3 t o 9 .2 (8*1) 
i n 1978 with a t h r e e year average of 8*14 (Teble-XtZZ). In o the r 
p a r t s of the bas in a l s o t h e r e i s en ovearall increase i n the pH 
eontentSf f r o s 7*4 t o 8*4 (7*94} i n l%thura« 7*2 t o 8*5 (7*98) 
i n Migarh* 7*4 t o 9*0 (8*04) i n Bulandshahr and 7*4 t o 8*2 
(7*74) in Nierut d i s t r i c t * 
I t i s observed t ha t t h e towns which f a l l i n wind d i r e c t i o n 
( t 
of the nonsoons i . e . ^outh-west t o noarth-east i n t h i s region 
r e g i s t e r a gradual increase in pH dur ing the t h r e e year per iod 
with some l o c a l f l u c t u a t i o n s during 1977* Such f l u c t u a t i o n s 
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mm «ttiribut«iS • i t h t c to^aatlur<^og»iiic soucco* nanicly iodu«t]rl«X J 
a g r i c u l t u r a l or 6 m t o loca l gaologio t o i l condition* • 
^hlor lda t l^ha primary aoureea of ch lor ide in ground t iatar a ra 
avaporitas« cocmata and marine watars* Zn regions which ara 
davc^d o£ thaaa aourcaa^ tlia poaail^la source of the ctilorida 
inercasa in tha ground water could be the huoiatn and animal wastes* 
The eaccass of ch lor ide amtmrnt in water increases i t s corroeivenass» 
Which aiay be hanaful f o r drinking^ i n d u s t r i a l and i r r i g a t i o n 
puxposes* 
The r a in water oirer the study area reveals a wide v a r i a t i o n 
of t h i s cons t i tuen t which <m the average* va r i e s froea 3.10 ppA 
t o 10.66 ppm pmr year and the anrerage f o r the e n t i r e basin ccnas 
t o 6.93 ppm f o r the concerned three-year period* Tea Agra* Aligarh 
f 
Bulandahahr end m e r u t dis t r ic ts!^ the re ia an increase in the 
average chlor ide content from 3*10 t o 7.29 ppm (S«73 ppm), 6*13 
t o 6*39 ppm <7*0S) and 4*04 t o «»04 ppm (4*90 pp«} and 5»S0 t o 
9*15 ppm (7.93 ppm) r e spec t ive ly . Whereas the r e i n %raters oirer 
%thura d i s t r i c t shows a gradual decrease in the average ch lor ide 
ccsitents f r o a 10*66 ppm. in 1976 t o 7*73 ppm i n 1978 with the 
three year average of 9*18 ppn* ch lor ide content i n r a in 
water over mthura (9*18 ppm) Aligarh (7*05 ppm) and Mierut 
(7*83 ppm) ind ica te t h a t they have g rea te r ch lor ide content than 
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th» ImMin of 6,93 ppm, {tmhlm'-'hltl) vlMire«s Agr* (S«73 ppis) 
wad Btilftodchahr (4«90 ppm) have 3.«»it«r ««ouiit of ch io r ld* . Ttwt 
3.#«lit chloridis contmit i n i« obisxvttd a t Ktumaauli 
(0.87 Psm, TabXc-OOCXVX)* Agr* dictr icst i n 1978« whttt^as th» 
ia«cia\ini| a t Fftr«ti <19«4S Mathura d i s t r i c t 
( 
during i976, 
'Xiikiivi«e «n inereass in t he e h i o r i ^ content of mirtikee 
mmtmm has hm&n noticed in Aligarh d i s t r i c t froro 47$«70 ppm 
(1976) t o ppm (i97S, with tfm th ree -year average being 
$24*00 i n Btaandehahr d i s t r i c t froro I4«*43 SI^ QI t o 187.59 
P ^ ppm) and in Maerut d i s t r i c t from 137*60 ppoi t o 284rS0 ppm 
{190*23)ppm) f o r t l ^ satae period* 2n Agre d i s t r i c t there i s 
/ 
an inci^ase in the ch lor ide content from 336*7 ppm <1976) t o 
/ 
519*l|ppei (1977) but i t goes doim t o 471*0 during 1978 and the 
threjit^year average remains a t 443*2 ppmm The M&thura d i s t r i c t 
on other hand shows « s l i g h t decrease from 461*67 ppai(1976) 
t o ^^45*0 pp« (1977) which increase t o 469*01 ppm during 1978 with 
t M thriie*>year average of 457*22 pp«* l^be three*year everage 
yoii^ent, of ch lor ide in sur face water in the area under study 
/cones t ^ 355*68 ppm (Table^LZlz)* Buiandshahr (183*96 ppsi ) 
^ Niifrut (190*23 ppm) contain l e s s e r ch lor ide t o t h e bas in I 
averagf* where«s, Agra (442*2 ppm), Hathura (457*22 PIHK) end 
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M i ^ r h (5a4»eo ppra) irhich l i e in t he ao imvtsv^ 4lix«ietiQii 
o£ vi%mr$ Ymumtf contain more chlorldtt than th« b««in 
¥he lowtst chj^oridte contant was howavas** < ^ a r r a d 
a t ChhiSpraiiXi (a.3«S j^m, tTabla-XLV) i n Msarut d i a t r i c t Sv»t 
a t the hank o£ l^rauna r i v # r i n i t a uy>stz«aai« trhamaa tha 
highaat a t MahaMnn <iilO.S ppio, XabXa^XliX) in Agra <l ia t r ic t i n 
the dmm dtiriny 1977. 
I'ha ground na t a r in t h i a region a l a o £mm»X» a f i t i e tua t ing 
tansnd in the chlor ide contant orair tha thrao^^j^ar pariod* In 
Agira and Mtamt d i a t r i c t a tha ra i a an inereaea in tha chlor ide 
ecmtant £r«tn S53«0 ppm t o ppm ($82*06 ppm) and 142*1 ppm 
t o 192«6 ppoi (i65«l» pgm> raapaetivaly« «fhareaa i n mthvira and 
Aligarh d i a t r i c t a i t incraaaea from 395#7 t o 400.75 pp» 
and 363.30 ppn t o 411*0 ppm from 1976 t o 1977# but i t daclinaa 
t o 333.22 ppm and 403.38 during 1978. 7ha ttiraa*yaara 
mmtmgt i n both thaaa d i a t r i e t a conaa t o 343.2 ppm and 392.60 ppm 
raapactivaXy. In Bulandahahr* howatvar* i t i a 102.30 ppm in 
1976 which daclinaa t o 84.11 ppa during 1977 and f u r t h a r increasaa 
t o 118.20 ppa i n 1978 t ihi le tha th raa-yaar average cofa»a t o 
101.53 ppot <Tabla*l«ZlI}« 
Tha lowaat amount of chlor ide ccmtant in the ground«>iratara 
o£ the area under atudjf i a however racordod a t Raj ghat 
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(1S.40 ppoh ^abltt-XLZX) i n Mulmadatmht: d i s t r i e t y yUmxmwB tlw 
hiOh»»t c i aor ia* conc«ntr«tiaQ» « t X i ro l i (ildO«3 ppa* 
XWI> i n Agm d i n t r i e t * anreirag* chJiorii3« coiK:«ntr»tioa 
besfid m d&ta in Oaft9«->Y!ftimsii« b«»in 
eootttt t o 316*99 ppra «nd 
"ppm . t 
BuXntidslialur <iOt*53^ d i s t r i c t s have i s s a e r ch ior id* c o o ^ i t t 
%hm the avatrags c l i l o r i ^ coneantrat ion in t he basin whaiMas 
th^ diatJTiet e£ Agra (982.06 pm>» mthura {343*2 s^nt) and 
Aiigarh (392*^ E>pi!i) liava nora ehftorida eoniant* 
Suiphata t aulphur conipoittida in tha atotosphare ganajtsilly 
oceur/ i a th ree t a x m iwqaly, hydrogen suiphide» auIphur^-dioKide 
and es sulphates ll^m mmmiim and aodiuoi sulphatase sulphuric 
acid« f4tc* ^httse sulphur cot^^ounds gati^ralXy originatct hy tha 
burning o£ f o s s i l f u a l s , daconposition o£ organic inattar* 
avaporation of saa s a l t s and volcanic acAnation^which ar« t ranspor tad 
through var ious gasas and mixed in tha atmosphara* Zn a r i d ragions 
laaching of sulphata frcro tho upper s o i l layara causa s i g n i f i c a n t 
concantrat ion of sulphata anions in tha underlying ground watara* 
In the atudy araa a wida v a r i a t i o n in tha sulphata contants 
of rain* surface and ground watar bodias has baan noticad* In 
r a in va ta ra c^rar Agra* Bulandshahr and Mrarut d i s t r i c t s an 
incraasa cwar tha thraa«ya«r par iod (197^79) from.3*e$ t o 6«9S psia 
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J 
/ 
(5.43 ppm, 3«I9 t o 5«4a ppm (« . t7 ppa) ftiid d . a i 
t o 6*30 ppm (S*tt6 ppm)« rtt«p»ctiv«Xy hM bmmn Zn 
MUthura «»d Aligarh d l » t r l e t « th«r« m <i»emm»m during 1$77 
from 5*14 ppm t o 2#Si ppm and 3*40 iRpm t o 3*81 psiMSt but i t 
f u r t b e r during i97a t o S*37 ppm and 2*38 ppm r«»pactiv«ly* 
fhtt w m ^ eoneantration of aulphatas f o r tha th raa yaars 
i a thaaa d i a t r i c t a cotwa t o 4.34 ppm and 3*03 ppm (tabla*liXV) 
raapactiva^ty* The louaat auSplmta co&cantxmtion in r a in watara 
tiaa bean recorded a t Fatehabad <a«.i2 ppat* irable«>X>QCV2) i n Jvgra 
d i s t r i c t and the h i^ i aa t concentrat ion haa been recorded a t 
Kh&rSchaunda (i5.S6 ppa* 7able-OQQOC) in Maervtt d i s t r i c t , ^he 
average aulphate cmicentratioD in th« basin i s 4«S0 ppai« M i ^ r t i 
(3.03 pi»ii) .i^4sinclshahr C4«i7 ppm )^. and Hathura <4*34 ppa> are 
the soily d i s t r i c t s of t h i s bas in where the s\iiphate concentrat ion 
/ » 
i i s l e s s than the i ^ r e a s « Agr^ (5,43 ppai)# and 
Mserut tS»S6 ppm) d i s t r i c t s have nore sulphate concentrat ion 
than the average in the bas in (Table-^XV), The poss ib le 
ea^lanat ion f o r the high sulphate concentrat ion in r a i n waters 
in these two d i s t r i c t , auy the p.^edoainance of coal user i ndus t r i e s 
<Zron foundij^ries* S tee l r o l l i n g mills* Cotton and sugar mi l l s 
and other auch ini^ustr ies) and t h e m a l p o m s p lan t s in t h i s 
region* 
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Sulphate coiici«ntratioci i n aur feee wat0»B! aJLso chang® with 
time in tb i« p a r t ef th* O a n ^ - 'imvum tivmt bas in . ia 
a Qra<%uai incraasa i n auiphate c<»ac«ntiratio» during i976 
t o 1$7& in Agra* mthure« Buiandahahr and ^ e r u t d i s t r i c t s f r o n 
433«I0 t o 462«d0 ppm (443*90 ppra)^ 323.01. t o 401.96 ppm <36S.26 
iS2.92 t o 22S.06 ppm (180.00 ppm) and 181.6 t o 329.30 ppm 
(2S7.06 ppin) r e spac t iva ly . In tha AXigarh d i s t r i c t , on the o thar 
hand« there i s a a l igh t decrease from 342.70 ppm i n 1976 
t o 336.12 in 1977 but i t f tar ther inereas^is t o 442*20 ppm dyring 
1978 with the t hme ymrB aiverage b^ing 374#0 ppta('!r<ibl«<-X.W K 
avarage aulphate concantraticai in eus't^ce \mt&xra 
o£ tha basin i a 324*04 ppm (Table*>L]V> and the l e a s t concentrat ion 
of siilphat© has becii obsejcvigd a t Muradnagar (12.3 pprarl'ftbie-iXLV) 
i n Hiarut d i s t r i c t end tha highest a t Sankre {&35.5 ppm, table*XLXXX) 
in AXigerh d i a i ' r i c t . if^ Ughar £2ulphat« cc»>cantration in sur face 
iratara than the basin avar; ga has bean s:«cordad in Agra* 
Nithura and Aligarh d i s t r i c t s wharaas Bulendshahr and ^ r u t 
ravaal a Icwar sulphate concentra t ion. 
Tha ground-watars of the baeiti a l s o ravaal a a igni£ ic«^t 
incraaaa in the sulphate concentrat ion £rom 1976 t o 1978. 
Tha sulphate concentration in Agra, (tithurQ and Mii»iru1: d i s t r i c t s 
during the three year per iod increases trom 304.7 ppa t o 435.5 ppm 
(381.46 ppm), 359.9 ppm t o 460.07 ppm (409.0 ppm ) and 1 9 3 , p p m 
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t o ppm pipoi) In hlig&zh 
on th« othmt h«ti<3« th*£« i» &n ijocmmie in sulphate 
from 322.0S ppm in 1976 t o 48S.3 ppm in 191% hut f « l i « t o 
369*4 ppai daring 1978 the thx«e c o ^ s t o 
37a.23 ppm (Tttble«4i2V)* 2n Bua«ii<l9liahr d i s t r i c t i t f«ll.« down 
f r m 127.96 ppm in 1976 t o i09.94 ppm in 1977 i^iot i £i»th«jr go»i 
t ^ o 297• 57 ppn in 1978 «nd the «irejriig« of thr«« y««r» cotMit t o 
148*49 ppm* on th« whole t h e thr«« wmxmg^ sulpha t o 
conc«nt4Pfttion in th« atud:^ area rwnains 312«22 ppm. Miacut 
(249«9 ppm) and Bulandahahr (148,49 ppm) a re tha only d i a t r i c t a 
ndiich haira lower sulphate concentrat ion than the basin average 
<312*23 ppm) whereas Agra (3ei.49}« tfathura <409*02 ppm) and 
Aligsrh (37a#25) contain more than t h e basin a\rerage« Xmimt 
aulphate concentrat ion (12«<7 i^m) has been recorded a t Amia<» 
Khurd (T«pble«X]4XX} in BulandshiOur d i s t r i c t * whereas ataxieum 
(878.7S) a t HaHjhil (Table-XZ.VlI) i n Mathura d i s t r i c t * 
itiaaSMLs 
Studies have shcMi t h a t n i t r a t e concentra t ion in drinking 
waters over 4$ mg/l (e3Q>ressed as II0^> prm^nt a heal th hasard 
t o in fan t s which a f t e r reduction t o n i t r i t e give r i a e t o sittkaei 
lebiaaaoiia (Vf,B«0, Ri^port 1978« p . 36 ) . n i t r a t e s a f t e r the a« 
of <^t bac t e r i a give r i a e t o nitro«saniines ««hich becoiw a possil 
hee l th haaard t o nisn. The bas ic source of n i t r a t e ions i s lilte. 
t o be the s o i l (Hutchinson, 1958)* Srikson (1952) hewever* was 
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of th« opinion t h a t thm fut t i c o n * l o t i o n could b« th« amin 
sourc* of Ainmortiaonitrat* ion«« Lftr«on and Hitt icH (1996) 
m%n raported a cor£«Xati«n betweeti liO^ ^ Ht!^  ana auXpheta 
io»a because of t h e i r cosuacwi aourca f r o n tmX and tha eoiX» 
I 
i^he r a in water® • in t h i s reyion a h w « d i r e c t co r r e l a t i on 
/ 
of ni trei te concentrat ion with the f e r t i l i t y of e o i l s . In Agem 
V . ( 
and mtlj|ura d i a t r i c t s t h e n i t r a t e coneentra t ioo during the 
t h r e e ^ ^ e r s increasea from ppm t o 2*55 i ; ^ ( 2 .31 s^m), 
and ^i$7'ppm t o 4.03 ppm (3.16 ppm> respec t ive ly• mezrut 
d i ^ V i c t t on t he o ther hand* which pos&eases the highly productive 
^oiila and a l s o cons t i tu tea one of the b igges t i n d u s t r i a l e a t a t e 
(<3ias!iabad and Modinagar)* reg ia ta ro an increaoc in nitxotio 
contfii^ntraticn in ra in uatera from a»7S ppis in %97e t o 08 ppm 
in/1977 but during 1973^  i t caia@ dcwn t o 2«16 ppm which nsight 
I - $ be/ 'due/to wind loca l laiiteorolcgical and c tna r 
S^yai i^ l f a c t o r s t h a t n ight have depleted n i t r a t e co<icentratiOQ 
in t lUt year* The threevyears* aver<dge nifcrate concentrat ion 
howev|ikr# caD» down t o 4*31 sis^ at (iable*»LV) which i s oiore than 
ttm basin average (2»03 ppro). In Kul^ndshahr d i s t r i c t , however, 
( 
i t i i l ight ly decreased frcm 0*48 p^m in 1976 t o 0.43 ppTi in 
/ 
1^76 t o 0.42 ppra in 1977 which f u r t h e r rcsse t o 0.57 ppm in 
^978 and th ree y e a r ' s average being 0.49 pp»» Ihe concentra t icu 
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c£ Qitrattt* in r a in Aligarh d i s t r i c t ^ on the 
other hand* i e migligibX* and f a l l s balov the a t t e c t i o n lisnita* 
I t dtjrcagthans th& observation* of mtehinaon (19S8) bccausa 
t h i s d i s t r i c t poaaassas vary poor s o i l with vary i i t t X a 
a g r i c i a t u r a l a c t i v i t y and a laaior por t ion of tha d i s t r i c t l i a s 
almost uncuitivatad* 
sur faea watars in Agra« %thura and Bulandshahr d i s t r i c t s * 
on the «ihola* indicata an incraasa in the n i t r a t e concentrat ion 
from 3,43 ppai t o 9,47 ppm (6,66 ppm), i^tO ps>«n t o 3.85 ppm 
(3»92 ppm) and 2,75 ps»ai t o 3*97 pgm pipra). In Migarh and 
f<l»arut d i s t r i c t s fehara i s a siighit f a l i in the n i t r a t e concentrat ion 
during 2977 from 7*32 ppm t o 6*90 ppm» end 4*i3 pp!ii t o 3*92 pp«Q 
which f u r t h e r r i s e s t o end 4*78 ppm during i970« 
iocre&sing the average 8.2 ppw and 4.28 ppsi r espec t ive ly , fheea 
r i s e and f a l l s are well in confonrJlty *rith the r l s « and f a i l 
in the eon6us^ti<m of f e r t i l i e e r s » i ndus t r i a l vnd other 
anthros^ogenic a c t i v i t i e s in the respec t ive a r ea s . Agra <6.66 ppm) 
and Aligerh (0.2C ppm) a re the two d i s t r i c t s whose surface 
waters ccmtain R.ore n i t r a t e s than the basin average (S,03 ppm 
Table<~LV} because of the poor s o i l condi t ions and more s a l t s 
in the s o i l as coapsjcwd t o Mithura (2.92 ppm)« Bulandshahr 
(3.09 ppm) and NMrut <4.2a ppm) where t he s o i l i s more f e r t i l e / 
and whatever n i t r e t e s accumulate on the sur face due t o a n t h r ^ o g e n i c 
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•ouccAS i s cootuned by thtt 
^mmtd wtmxm in t\m do not r«n»in 
iiii*f£«et«d by thtt a c t i v i t | « « * Thv l e « s t a i t r a t * coi>t«tit 
(0*ia ppm 1?abi#» Xl^Z) i s recorded in memms of ^ood s o i l eoiidi«» 
tic3QS likm S«iyttna i n d i s t r i c t and hifilh 
of poor s o i l condi t ions ithsre s g r i c u l t u r s l snd indus t r ia l , a c t i v i t y 
i s the l a a s t b u t tha s o i l s a ra mora ail«al.ina« iiica HauihiX i n 
Mithura d i s t r i c t * An increasa i n t h e n i t r a t e contant i n ground 
watars i n tha d i s t r i c t s o£ Agra Mftthura and M»arut froia 1*86 ppoi 
t o 2«79 jppm ppm)« 1.63 pjpm t o 3*53 (2*80 ppm> and ppra 
t o 3.13 pptt ( i .83 pp») i s no t iced , i n Aligarb and Bulandshahr 
d i s t r i c t s * h€Mcvar« t i ^ r a i s a s l i g h t dacraasa dur ing 1977 £rcai 
a ,$7 ppm t o 2.54 ppm and l«92 ppa t o 1.79 ppm ¥hich £u r tha r goas 
upto 2#ei ppm and 2*06 ppm <Tabla-ur) during 1978. On the whole 
t h e r e i s an inc reas ing t r end i n t h e n i t r a t e ccmtents i n t h e 
ground water bodies o£ t h i s region* At p re sen t t he «rerage 
nitarate content ot t h e bas in i s 2*27 ppm %rhich i s not vary 
s i g n i f i c a n t bu t i f t h i s inc reas ing t r end cont inues i n f u t u r e i t 
May be hasardous i n t he long run* 
BXARBONAy«i Bicaxbonatas a re a v a i l a b l e i n a l l t he c i t y out f a l l 
d r a i n s , ponds and o t h e r su r f ace , r a i n and ground water bodies 
Including the waste waters of a l l t he i n d u s t r i a l co«>lexes* 
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In r« ln waters thlm xmgiaa t h t contwats 
vmry fxrcm 0«S ppn (Tatol*«w9U0CVZ} a t Xt ima^ur i n Agra d i a t r l e t 
t o $1*S3 pgm (Tid»l««XXXVIZ) a t 8ha)q;>au in m t h u r a d i s t r i c t . An 
araraga incraaae i n tha bicacbonata ecn tan t of tha r a i n va ta ra 
tiaa a i a o baan not icaa o^ar tha t h r a a yaar par iod <i976 • 76) 
i n a l l p a r t s of t h i a baain axcapt in Mnthura d i s t r i c t whara 
tha ra i a an incraaaa from 17.66 ppm t o 36.70 ppn (TablavX^I) 
i n 1977 Mhich rejBaina a lnoa t tha aaiaa (26.54 ppm) dur ing 1978. 
It 
m Agra# lOtgarh* Bulandahahr and Miarut^ i t incrraasca tvm 11.30 
ppm t o 14«9a ppm ( i2 .S6 ppm)* 9*39 ppm t o 14.17 ppm (11.20 ppm)* 
8*09 ppm t o 10.95 ppm (9.42 ppa) and 17.14 ppm t o 20.20 ppm 
(19.1 f ^ ) r a a p a e t i v a l y . Tha avaraga bicarbonate eoncmotrmtion 
in tita baain eomaa t o lS«i9 ppm (^ab la -wx) . 
MHa tha r a i n uratara an incraaaa in tha b icarbonata cootant 
oi a u r f a t a watara haa a l a o baan not icad trom 404.10 ppm t o 550*0 
S m (S25.S pp«}« 47S.0 ppm t o S47.13 ppm <509.26 ppm) and 116.33 
ppm t o 532.36 ppm (479*16 ppm) i n Agra* Nathura and Bulandsh^ur 
d i a t r i c t a raapae t i i ra ly . in Aligarh d i s t r i c t , howavar^ a dacaaaaing 
t r and from 539.90 ppm i n 1976 t o 494.5 ppn i n 1978 (Tabla«Wl) 
haa baan not iced whsraaa tha atraraga oC th raa yaara comm t o 
514.10 ppm. In tha Miarut d i a t r i c t t ha ra i s a f a l l from 457.8 
ppm t o 433.2 ppm in 1977 but r i a a s t o 467*0 ppm i n 1978 b r ing ing 
tha t h r aa year*a avarage t o 452.66 ppm. 7ha avaraga bas in contan t 
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of i s j»>ai. Xhe d i » t r l « t s o i Agir« (52S,5 ppm)^ 
^i |hurft (509.26 ppm) Aligarh (514«iO ppm) fia^e more bicaiddcsiiiit* 
eo^t«iit than the bitfiii «v«rfig» (452*66 ppn)* nfhsrads BuXandlih«hr 
) 
(l|79.16 ppm) and Ms«rut ( 4 5 2 . 6 6 i ^ ^ « t r i c t « eontftin Xessar 
M A' ^^ 
pilBayclKmat* (# than thit bnvln itviirage* Tti* ralnifBuni <saat«iit 0C 
ibficaxbonattt* hoif«v*r« r«conlftd a t Ahar (73*40# TabJL««^IV) 
i n Bulaodshahr d i a t r i e t vharaaa* Hathraa (895.70 ppm, Tabla-oaxxx) 
in AJLiganli d i a t r i c t racordad the mmlmum valua* 
Ixt the ground watara o£ t h i a p a r t o£ Ganga Yamuna baain« 
(tha bieaxbonata eontant rangaa from 18.30 ppm a t B.B. Magar 
(Tab la^ZX) in Bulandahahr d i s t r i c t t o 631.4 ppm a t Kbairg^irh 
(TabXa<M}CX^ i;) in Agra d i a t r i c t . cn tha whola an incraaae in the 
bieaxbonate contant in tha undarground iratera of OQly Mearut 
d i s t r i c t from 353.20 ppm t o 397.90 ppm (376.50 ppm) Itaa be«n 
noticad but in a l l othar ragiona an a r r a t i c d i a t r l bu t i on of 
bicarbonataa has baan obsarvad. In Agra and m t h s r a d i s t r i c t 
thara ia a gradual f a l l during 1977 froro 592.8 ppm t o 450.1 ppm 
and 383.62 ppm t o 374.75 ppsa raspac t iva ly , which howavar r i s a s 
t o 483.9 ppm and 511.20 ppm during 1978* br inging tha avaraga o£ 
th raa yaara t o 508.9 ppm and 423*16 ppm (Tabla^JUi/X) rvspact ivaiy* 
Aligarh d i a t r i c t i t remains around 220.0 ppm during 1976 and 
1978 with an axcaptional r i s a t o 459.14 ppm during 1977 br inging 
tha th raa yaara wraraga t o 299.82 ppm (Tabla-xyi)* In Bulandshahr 
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d ia t i r i c t im m nXight r l a e from 3i6»87 i^m in 1976 t o 
349,7 ppm in 1977 which »ifiMiiii» ftlmost th« (3#S«S8|^ pfa> 
dtiri&g 1970» The thri!e<*y««r aveirage in th» d i s t r i c t eoim» 
t o 337.30 ppmr 
The sftf« l i m i t s of bicerbonstes f o r dr inking puxposes 
i s 120 ppm* ^he ds te as noted ebore reveal t h e t s lmoi t e l l 
t he d i s t r i c t s on the «irerage oontein en exceedingly higher 
content of bieei^onate than the permiss ible l i s i t s 
«rith the r e s u l t t h a t en excessive sca le forna t ion has been not iced 
in atoout iQore than 70 percent tlMi t o t a l hua»n pcs>iileticn i n 
the area of s tudy, 
CAWXtmt Calciiiai i s dissolved from a l l the rocks and s o i l s bu t 
t he higher concentrat ion i s found when the water cooies in contac t 
with doloBites* limestones* and gypsuta. ih the area under study 
the cow[»m source o£ calcium amy be the kankar l aye r which v a r i e s 
from S t o 6 f e e t below the sur face in many pa r t s of the basin* 
Bam contr ibut ion i s however obtained frost lisie k i l n wastes in 
t h i s region and the decon|>osition of hornblende and other ca lo iu» 
minerals i n sands* Calcium and magnesium make the water hard and 
a re responsible f o r deposit ion in bo i le rs* 
Zd r a in waters the calcium contents vary from 0.50 ppm 
a t Fahasu (Ta(ble*xxx2x) in Bulandshahr d i s t r i c t t o 41*35 ppm a t 
f a r a h (Yable-JCXXVZZ) i n Mathura d i s t r i c t * The t h r ee y e a r ' s 
average concentrat ion of calcium in r a i n waters however comes 
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t o pvusL, Aligarh and BtiXandiliahr d i s t r i c t s «n 
ineseawtt in the cotitttiit* of in ^m^mxm £rc« 
ppm t o 10.90 ppm (8.83 ppm) ma& 4*87 ppm t o 6*05 ppm (S»9S ppm) 
rtt0pttctively« mttiura ^ f ^ r u t d i s t r i c t s on t h s o ths r h«fid> 
show a s l i g h t dscrease during 1977 from 20«77 ppm t o 19*08 iipm 
and 16#06 ppm t o 1$«82 ppm Meh riam t o 34.18 ppm and IS. 16 
ppm durifta 1978* Isringifig tim th raa years «vsrag« t o 21.34 pj^ 
and 14.98 ppm. In Agra d i s t r i c t , however, t h s r s i s an increase in 7 t 
the calcium content o£ r a i n water from 6.12 ppm i n 1976 t o 
9«6S ppm in 1977 i ^ i c h slightly^ f a l l s doim t o 9.45 ppta<Tabie**LV2Z) 
during 1978. The th ree y e a r ' s average comu t o 8.40 ppm. Aspfa 
<8.40 Migarh <8.83 ppa) and Buiandshahr <5.39 ppn) d i s t r i c t s 
<Table-^ZX> contain l a s s caXciuta than the bas in average 
<11.81 ppm) cm the other hand, ^ t h u r a <21.34 ppm) and HHirtit 
d i s t r i c t s <14.98 ppm) contain more caXciiam than the average of 
•tw bas in . The high calcium content in these d i s t r i c t s may be 
p a r t l y due t o urce ca lc iun in the s o i l s of these d i s t r i c t s and 
p a r t l y by the weathering c£ neigta>ouring calciuni bear ing r oc ] (S . 
A p a r t calcium could have a l s o bean contr ibuted t o the atii»osp)M»re 
by the indus t r i e s s i t u a t e d e t or near thess d is t r ic t s<Far idabad 
and Ballabhgarh i n d u s t r i a l e s t a t e s near f^ikthura and Cites iabad 
and Modinagar in Mserut d i s t r i c t ^ . 
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tSk sur face waters very l i t t l « immtkBm in th* ea lc iun 
C£>nt«nt» has b««n n<^lce<a i e AXigarh and ^ ^arufe 44e t r i e t » 
it rcsa frcsm 72»S5 ppm in 1976 t o 80«0 ppm in 1978 «iatd 
56*8 t o 62«8 ppm with the aver&g&A b*ing 77.41 pjpfQ and <S0«44ppiii 
respect ively* Similar ly in Agrs« %thura aztd Bulandshahr d i s t r i c t s 
there i s very i n s i o n i f i c e n t ehengo in ttm enrerage contents of 
caleiuffi in the sur face waters* In Agra i t v a r i e s betiieen 134*45 ppm 
and 129*0 ppm (146*1 ppm), Mathura* 70«6 ppm and 67.1 ppia 
(74,43 ppm) m ^ Bulandshahr 29*23 ppm and 39*25 pp» (34*16 ppm) • 
The th ree years* av^arage of the area of stud^ hcfuever cones t o 
76.S0 ppm (Table-I»¥II)* ftethur® <74.43 ppm), Aligarh (77*41 K>m) 
Btilandshahr <34*16 ppm) and m e r t ^ <60*44 ppm) contain l e s s 
caXciuoi than the basin average^ tfbereas Agra (146*1 ptm) i s 
the ottly d i s t r i c t irhere the calciuta content i e more than the 
overage of the area of study* The minimxio content of calcium^ i a 
surface waters im, hoi;ever# noticed a t Bulandshahr (12.50 ppts, 
table«xxiiv) i t s e l f and the laaximuni a t B«rauli<^hir (2S1.20 ppm 
Table«0CLX) in Agra d i s t r i c t * v:he higher concentrat ion of ca lc iua 
in the s o i l s of Agra may be due t o predominance of i ron found-tries 
and carbonate rock based indus t r i e s l i k e the manufacture of 
miniature I'aJ* other toys , u t ens i l s and decorat ion a r t i c l e s in 
t h i s p a r t of the basin* 
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Similar ly the gretmd waters a l s o ircveal a aignif leant 
Chang* in the ca lc iua , ccaitant. ID Agra mid Meerut d i a t r l c t a 
thara i« a l i t t l a iiicjcaaae in Calcium eontants from &5.0 ps»a 
in 1976 t o 111.70 ppsi in 1970 and 26*64 t o 44.1 ppm with 
thraa y e a r ' s average of 96*16 and 36*46 ftp^ n raspactively^* 
wharaaa in a l l o ther parta i t jEluotuatea from $ t o 10 parcant 
o» e i t h a r s i ^ of the thraa years a v a r a ^ ca lc i tm contaa t iii 
the araa* liii Mithura d i s t r i c t i t v a r i e s frooi 106*57 ppm t o 
91*55 wm ( 140*26 ppm Aligarh 66*5$ ppm t o 7S*3 ppm 
(70*33 ppm) and Bulanashahr» 29*06 ppm t o 2S*@6 ppm (27*63 ppm)* 
The three year*s avarags coiaaa t o 66*20 ppm (Tabla-WlX)* 
The miniiaum calciota contfint in the grouzid watcra was cd:>saxvad 
a t "S^ awar (6.7S pp«« T a b l a ^ l X ) in dulanOshahr d i s t r i c t and 
maximusa a t Barari (191*5 ppm, Tabla-*9avxz} in mthura d i s t r i c t * 
^ i s i i l a r ly the d i s t r i c t s hgsix (96*16 ppot)* Mftthura (l90*26 ppm) 
and Aligarh (70*53 ppm) contain isora calciuun than tha avaraga 
calcium contact i n tha bas in 466*20 ppm* ''^ 'abla-XZAMZl wharaas 
Bulandshahs- (27*63 ppm) and m c r u t (36*46 d i s t r i c t s contain 
oKxctt than tha bas in avcraga* 
HMSiBESlUMa around watar contains r a l a t i v a l y smsll aiaount of 
nignasiuR) axcapt %ihara thay coma i n con tac t with doloinite o r 
with MgHtich avapor i tas t h a t nsXas Mg as tha doninant ca t ion 
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in t lm ground Oth*jr •oufc«« of Mg C0\»ld bm £mrwofmgtm»Uax 
L 
mi£i»mlmf e h l o r i t i e audi mmtM»tilsmitm clmf9, iaftgxtttaitic 
and o thar eacbonattts* Soma mmg^Blm in ground watar i a a l ao 
con t r ibu tad maiaiy toy tha i n d u a t r i a l walitaa c t i i a f ly tha d i a t i l l e r i a a , 
tanning indiaatiry* isiik and f e r t l l i s a r p i an ta and o tha r antbrcpoganic 
•owpcaa. 
£«ajcga aea le i n d u s t r i a l davelqpment and intanaivci 
agrie*.atur»l a c t i v i t y r e s u l t e d i n t h e polluti<30 of t he atnioephara 
i a t h i s regicm a l s o . Msgnesium a l s o reveaXo m iiwraotm in i t a 
eontant in r e i n v a t a r s ov®r the t h t e o years per iod (1976-78) 
from 1,30 ppm t o 1,98 j>pm <1,S3 ppm) end 1,19 ppm t o U29 
Ailgarh and Bul^nd ahahr d i s t r i c t s wtjerses in t^gx&t Msthura 
and Mtarttt d i s t r i c t s i t f i r a t r i a ea froac 0,7S ppm in 1976 t o 
3*42 ppm in 1977# 3.16 ppm t o 2.42 ppm 1*93 ppm t o 3*05 ppa 
but f a l l t t o 3*09 ppn and 1«?€ ppoi during 197S with 
tb r«# yeara «var«a« coming down t o 1*73 ppm^ 2.13 ppm and 1*90 
ppm {HmhltfWJXl) raepeet ivdly* The nlrtlmusEi magnaaiun concant ra t ion 
howavar i a recordad a t Bah (0»01 ppm, TabIe«3QC!CVX) in ^ r a d i s t r i c t 
and mascimum a t Tappal. (5*78 ppm^ Tabla«^}00CVZ2X) i n Al igarh d i s t r i c t 
which i a a i t ua t ad a law milaa aouth waat o£ Faridabad«Ball i^hgarh 
i n d u s t r i a l ccmpla^. t ha avaraga Eoagnasium contentjl i n r a i n 
wataro basad on t h r aa yaara data i n tha atudy araa Comas t o 
1*71 ppst^ Miga rh <1«S3 ppai) and Bulandshahr a re tha two d i s t r i c t s 
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which contain Ices laAonefiium than the esvmmgb <l'abjLe*wilI> 
of the 
Mignesiura c(mt«nt» in Bxafaett ym.t»z» during th« £ i r » t 
two yenro recmiQ aXmost the with v«ry i n s i g n i f i c a n t 
in Agra (30* 1 ppis t o 36.5 ppm)^ Aligarh <64*3 ppia t o 
61.65 ppm) end H^erut (30*5 ppm t o 36«5 ppm) d i s t r i c t s , ixi 
Agra d i i t t r i c t i t f u r t h e r reduced t o 35»4 p m during 1978 but 
in Aiigarh {77.0 ppm) «nd Meerut <37.2S ppm) d i s t r i c t s an 
r 
increase in Mg oontant has bean noticad during 1976 brinlring 
tha three year*a a v e r a ^ t o 36«66 ppm, 67«63 ppm and 31.S5 ppm 
reapac t ive ly , J«ithure and Bulandahahr on the other hand r e f l e c t 
an increase troin Sl«05 t o 12e«85 ppm and 24*6 ppm t o 46*35 ppm 
from 1976 t o 1977 which gradually f a l l a down t o 55«7 jn?® and 
21*06 ppm during 1976 and three yeara average co:iiea t o 7e»S3ppia 
and 30*67 ppm ra«f>ectively* The average ' ^ i t ha baain comes 
t o 49.00 ppm* The aurface watera of Agra (36*66 ppm), Bulandahahr 
(30*67 psm) and Mterut (31*S5 ppm) contain laaa Mg wheraaa 
Mathura (76*53 ppm) and Aligarh (67*iG^ pp«a) more than the t h r ee 
yeara* average of the baain (TablaoXVZZZ)* The i e a e t Mg«<oocan* 
r 
t r a t i o n ia^ however, recorded a t a^iicbhoXi (10*20 ppm. Table* 3U^) 
in Meerut d i s t r i c t and tha muiiMn a t 6arari(237*10 ppm# Table 
XLXZ) i n Mftthura d i s t r i c t j u s t in the v i c i n i t y of rocKs of t h e 
Araval l i and X>alhi systems* 
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Vhm ground imter in ar«ft und«r study r«v«a2. « f l u o t u a t i n g 
trttod l a (RKgiit*!!^ cont«fi« mlmo, n t i w e t i n g q u * i i t « t l v « ch«ii9«» 
in th« •ourctts of gx:oiind wttmr In hgrm d i f f t r i c t 
firocQ 59mB ppm in t976 t o 72*3 in 1977 ifhich 
ntsiftins alnioMt c o n ^ n t (7a ppm, 'Sahlm^mzil } diicing 1976 
having the t h r M o£ 68*06 Xn Mithur« 
d i s t r i c t * on th« o ther h«nd# i t r i««» frooi 9d«75 ppm t o 207*60 ppm 
(I0S»73 ppm) and in M i g a r h ftom 59*2$ ppm t o ppm in i977 
bu t « s l i g h t d«er«a«e (77«S ppai) i n 1978 h«s h m n iiotie«d 
br ing ing t h e thr«« ye«r*8 s tv«cm^o 72*18 jj^m* On th« oth«ir 
hand in BuXftn^^^hr i t d«er«ases §&m 27*46 ppm t o 16*82 ppm 
(32*31 ppm} and in MMirut i t rvns ins Almost th« s«ms (3S*6$ 
t o 37*10 pp«) with th r«* ^ a r ' s «ir««sg» 3S«33 ppm (Tsbl««XArxzi} 
on th« «hol« thtt «v«nig« (1976«»78) conc«tt t r«t loa oi nsgnssium 
in groitnd watsrs o£ t h i s region i s 60*32 ppm. Mssrut (3S*33 pp») 
«nd l^ l sndshshr (22*31 ppn) conta in l « s s « r msgnssiuit content 
than t h e «ver«9« ot the s tudy erea whereas J^gra (68*06 ppn)* 
Hathura (103*73 ppm) and Aligarh (72*18 s^n) have h i g ^ r 
eoneent ra t ion than the bas in average* Mi s t a t e d e a r l i e r * the 
towns l y i n g in the downstream of 1()imuna r i v e r con ta in so re a e t a l s 
and n o n « ^ t a l s as coepared t o the tomtm in tiq;>stream direct icoi 
because of t ha discharge of su l l age and i n d u s t r U l wastes in 
the iflMuna r i v e r in i t s doimstreani* The l e a s t na9a*siuRi content 
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howcnrer« r«coracd a t Hsstinioptir (4«6 ppm* 
in Me^rut d i a t r i e t , becftuae of i t s nMimAis t o th« r l v a r GtngA 
which i t s t i l l t he pol lu ted r i v « r es t o th« TCmxmm* 
Th« aaximam coi»c*»t]r«tioTi on the othsjr hand r«eord*d txom 
Haujhi l (193*7 ppot tMrnmXmxi) in H«thuc« d i s t r i c t i n t h s 
c los* i^roiciiaity of tAmmm r iver* 
a o d i ^ i SodlusK i s ns in ly d»iciv«d Isy the 
f«ldspiir« in igniKjttS cocks or t h s i r wssthsred products* 
Shalss snd c lay l ays r s o f tan y i a ld watar with r a l a t i v a l y 
loora sodium contant* Othar sourcas o£ sodium nay ba laachata 
and daap j ^ r c o l a t i o n wi tar from i^tfvx s o i l and othar i n d u s t r i a l 
wastes* Contamination oc ground watar tfsf s a l t y connata 
watar or watara of marine or ig in a l so mtAmacm tha so^iusi contant* 
Siarfaca ccaitaminants not only inf luanea tha aurfaca 
and ground watar qua l i ty but thay a l s o po l lu t a t he atioosphara* 
^ a discharga o£ i n d u s t r i a l wasta^ gaaas and t h a i r i n t a r ac t i on 
with tha dust p a r t i c l a a in thi^ prasanca ^ laoistiura^ ate*# 
r e s u l t i n g in tha subs t an t i a l cpncantrat ion of var ipus i sa ta l l io 
and non-mstal l ic ions in r a in w ^ a r s * Tha r a i n Watars s tudiad 
\ 
in t h i s ragion r a r a a l a gradual ineraaaa in aodium contaa t 
\ 
f r o a 0*79 ppm in l f7« t o l.SO in 1977 in Agra d i a t r i c t , a«42 ppit 
t o 3*70 ppm in Nathura d i a t r i c t * and a»«) si>m t o 3*10 ppai in 
Maarut d i s t r i c t which gradually t o 0*86 ppm during 
\ 
^ 
\ 
\ 
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I97G in Agrtt d i s t r i c t ^ 3.Si2 ppoi in l«iithura« fttid 2«87 ppm in 
m^ftut d ta t i r lc t br inging th« thretr «ir«rage of sodium 
cocitftnt In r a in v/atcrs t o 1.03 ppm, 3,21. pgsn ©nd 2,37 ppm 
in ^gra, i%tbuni and M»er«t d i s t r i c t® rtopectiv»ly« 
Aligarh end Bulandahahr d i s t r i c t s regSst^f a s l i g h t decroaMi 
in t he sodittm contant during 1977 froro 2«2S pjm t o 1*67 ppm 
and ppnn t o l«iO {^m which f u r t h e r increaae t o 2.24 ppa 
and 2.09 ppm durin^j 1378 i^aultingi in t he throe Vear*s avaraga 
t^ -s a .13 ppn and I#73 ppo reapectlvaly* The everago sodiuni 
content in r a in waters w c r t h io region comes to 2.19 ppm 
(T9bX©-I*IX). mthura (3.21 ppm) ®nd fteenit <2.87 a re 
the only d i s t r l c t a which hove moxre aodium contents in jmin 
wat«r» than the evornge of the e n t i r e arflta osE atudy tshcrees 
Agra (1,03 ppm)» Aligarh <2.12 ppm) wad Bulandahahr (1.73 ppa) 
contain iaaa sodium than the nveraga of the; baa in . ^he leaist 
concentrat ion la however la found a t Bichpuri (0.25 ppst» l a b i e -
XXXV2), a g r i c u l t u r a l l y the moat f e r t i l e r«glon of Agra d i a t r i c t 
and maximm a t Dadri (7.0 ppm. Tablewoocix), the hear t of 
i n d u s t r i a l a c t i v i t y in Bulandshahr d i s t r i c t . 
Surface water bodies axe the f i r s t manifes ta t ions 
ouft th« man*s a c t i v i t i e s in t h a t region because they a re the 
f i r s t t o be a f i e c t e d . Any slump in the Indus t r i a l / *9^ i^u l tu ra l 
a c t i v i t y due t o shor t supply of raw mater ia l s , newer or any man 
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madK fomce* r«»ul t in the f a l l in production o£ both ttui 
f i n i s h ^ a and vast« taatt tr ial . i z i s c l«a r ly by ttm 
grauuai <2«c-£«a8e in the aodiiun amtmm in Agra* Mathura 
Bulan<li»hahr Ktt«rut a i s t r i c t s ttcm 431. iS ppta t o 296.2 ppm 
(363«30 ppm t o 233»2i ppm (256*8 ppm}, 126.32 ppm 
t o 118.1ft ppm (121*46 ppm) and 137.S ppm t;o 112«S ppoi (128.26 ppra). 
Only in MigarU di«i t r ic t an ioore^esa trom 316.1 ppm t o 392.20 ppn 
{356.6C> f^w) ever the thxee y««r puriod (1976 - 1978) has bean 
not iced . basin average, h0W<tvar» comes t o 256.09 ppm 
) * The minimura sodiiuii concentrat ion hGW«sver was found 
a t Hapur <5.30 ppm, the b igges t grainary of the 
s t a t e s i tua tod i n i<iierut d i9 t r i c t« wharaas, the maximum i s 
found a t i^nihai (604.70 ppm« T&bla «-XLX) t l ^ i ron found^ry and 
) 
i n d u s t r i a l cen t re in Agra d i s t r i c t . 
£#ikai#ise the ra in and aurfac© waters , the ground watar 
a l s o undes-goos a change in tho concantraticm a£ var(bous caticNM 
and anions which s ra d i r ec t l y the vaaul t of sur face a c t i v i t i e s . 
The ground water in Migarh d i s t r i c t alone l i k e the surface 
witers^ reveals an Increaae in the sodium contents from 221.0 ppm 
t o 313.5 ppm (2S5.96 i5>!t) whereas, in Agra, Mathura and m a r u t 
d i s t r i c t s i t increases during 1977 from 226.5 ppiti t o 26S.9 ppw# 
192.47 t o 258.5S ppm, and 93.95 ppm t o 110.33 ppm which f a l l s 
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doMn t o 233.0 ppm, a21,20 ppm ana 104.4 ppm iQ 1979* br inging 
tho thx«» yoar*» Average t o 143.4 ppm# 324.07 ppm and i04«S ppm 
(Tftble-j^iX) r(uipe<Mtiv6i3r* ^ thx— «v«rag® in thm 
e n t i r o of study comes t o 176.13 ppm Thm l«ftst 
aofiiuat content in howwer recordted a t Haotinapur <2.50 ppm, 
Tfible-*!,) ly ing very c lose t o r i v e r Otuageei i n ilserut d i s t r i c t * A 
«#hQreaa t h e a»xixouia a t ^Towaa (6^3.5 p^m, Tabia^^XWIII) i n 
\ 
Aligarh d i s t r i c t where th© surfaco doU i s i t s e l f a lkal ino* 
i^atassiuB^t The na tura l waters generally contain l e s s poUassiistt 
as coEcpazred t o sodium because of f a c t t h a t th® potass iura 
bearing s i l i c a t e s r e l a t i v e l y more r e s i s t e n t t o chemiccl 
weathering than the s i l i c a t e minerals containing eodimj icrss. 
Secondly the sodiota ions rsKsiain taore pejmi^tent ly a f t e r their 
re lease fro-n s i l i c a t e Qin^ral struK5turea(t, whe rea s po teaa iu i 
icQS tend t o bo e i t h e r absorbed or f i xed in the so l i d weathsz^fd 
products c h i e f l y in ae»m clay airMirals. Btormally the potassiuA 
content in natt iral waters does not exceed more than 10 - IS mg/1 
(HolGten# 1970). If pot«ssiU!a content ejcceeds the above l i n i t s * 
% 
contai j i inat ioa f ron eactraoeous sources lasy be the poss ib le 
reason f o r such a higher concentra t ion . 
The potasviUAi content in r a in waters c£ kgt9., Ali jart i 
and d i s t r i c t s , ever the three year period ir>creases 
from 0.48 ppn t o 1.38 ppm (1.0 ppa)» 0«27 ppm t o 0.30 pp« 
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(0.28 And 1.36 pps) t o ppm (1.30 ppm) r«sp«ctivel.y» 
Zn ^ t h u r a «tid aulandshfthr d i s t r i c t on tbe other hand i t inejrea*«« 
during 1977 from 0«90 ppra t o 2«07 ppm and 0»4& ppm t o 0t62 ppm 
l>ut f a l l s down t o i«67 ppm and 0«5i ppm during 1978 whieh br ings 
\ 
the th rae yaar*« avarage t o 1«S5 ppm and 0#Sft ppm respoct ively* 
The th raa years avarage p o t a s s i i ^ contant i n r a in watars in tha 
a n t i r a ar«a c^ st^idy cotaas a t 0*93 ppm (7«l>la*£X>« Tha l a a s t 
potassium contant i s howavar racordad a t T i ^ a l (0.08 ppm, 
TablaWQOCVXZl) in Aligarh d i s t r i c t and maiciiauiii a t Sahpau 0*84« 
Tal>l««KKKVXI) in mthura d i s t r i c t . 
Siu^acG watars on tha othar hand iodieota an incraas ing 
t rand in the concentrat ion of potassium from 1976*78 in tha 
e n t i r e area of stud^ except in Bulandshahr vhere i t s l i g h t l y 
f a l l s Omn during 1978. in l^gra. mthura ,Al igarh and wsarut 
d i s t r i c t } i t v a r i e s from 2 .es ppat t o 7.65 ppm { 4.94 ppm)# 3.37 ppm 
t o 9 .71 ppm §mmm (7.07 ppm)* 11,20 t o 32.68 ppai (22.62 ppm) 
and 1.30 ppa t o 3.99 ppa (2.69 ppm) whereas i n Bulandshahr 
d i s t r i c t i t f i r s t r i s e f r o n 4.S5 ppm t o 7.07 ppm in 1977 but 
f a l l s down t o $.63 ppm during 1978 br inging down the t h r e e y e a r ' s 
•nrerage t o 5.74 ppoi (Tabla*zx). The th ree y e a r ' s average of 
the e n t i r e region COH»S t o 8 . 6 9 ppm which I s siore than the averages 
of a l l other d i s t r i c t s except Aligarh. The excessive uae of 
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p|>t««h f « r t i l i e e r 8 t o bocMit up the ogr ieul t tura l producticsa i n 
a l i m i t t d il/3td of t he t o t a l ) land and eaceaasiv* M l t 
contant i n s o i l * mmr a t a rga p o r t i o n i » Aligajrh d i a t r i c t 
which o igh t hava ira^had i n t o tha aur faca watar bodiaa my ba 
»cm of tha poaaibla eauaaa for atich a b ighar coocen t ra t i cn of 
po t aaa i t n i n t h i a d i a t r i c t * miniiaum potaaaium concantxat ion 
i a honavar raeosded a t Sardhana C0»7S pgm, TiiblemKm}, tim 
a ^ i c i t i t u r a i i y h i 0 t prodoet iva ragicsi o£ Maaoit d i a t r i c t tfharaaa 
the iaftici«$um eoncantraticsi i a found a t Bmiktm (G3«a5 ppra* tabie«xx*zxx)* 
fmaxim f o r Khandaari augar induatry i n Aiigarh d i a t r i c t * 
Pota«»itim coneanfcmtian in gxomd «rat«ra of t h i a region 
ravaa i an incraaaa cMrar tha th ree yea r per iod i n a l l t h e d i a t r i c t a 
except i r i th a a l i ^ t decreaae dur ing 1977 i n Mfterut d i a t r i c t tthere 
i t cornea doim froai 3*81 ppm t o 3*77 ppm during 1977 but f u r t h e r 
r i a e a t o 4*91 ppm i n 1978 with t h r e e yeara average goea up t o 
4* 17 ppm» l b Agra« Hithura* Aligarh and Bulandahahr i t r i a e a 
frcao 3*48 ppn t o 5*06 ppm (4*34 ppm) and «.»7 ppai t o 9 .66 ppm 
(8*21 ppm)* 3*8S ppm t o 4*38 ppm (4*0S ppm) and 4*97 ppm t o 
10*48 ppm (8.49 ppa) . Tha t h r e e yea r s average of tha baa in 
howenrer eonaa t o S*83 ppm (Table^LK)* t h e d i a t r i c t a Agra 
(4*34 ppm)» Miga rh (4*0S ppn} and m e r u t (4*17 ppoi) on the 
anrerage con ta in l eaae r potaaaiun than th« baa in average* whereaa 
m t h u r a (8*21 ppa) and Bulandahahr (8* 49 ppm) have more than 
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th« hmBin «v«ragtt« The potaMitcn bo*imer 
found a t ZtiiBw^iur (0.42 pprn^ in Agrm d i s t r i c t 
&na rovxissuta mt Aai^mbmhr <S9«45 iiiciiii i n BuOendshalur 
d i s t r i c t . 
y^aorid^t ccBision ooiiTOcd o£ £Xuoridft in ground wat«r arm 
thm minmrnXa Xik^ ealciuai f luo r ide (CXuoriMi}, i^at i t t t* c«r t« in 
mm'tiUx^.j&mi end cxifoiiti»« in ignaoua rocka and f luorspar i n 
aadiisantary rocks* Ground water ganaral ly contain f luor i i te 
around 1 tag/i but sooietiaiaQ i t escceeda 20 oigA* In aooaa uatera 
th€> concentration of f luo r ide roechttB t o atora than 30 ag/X 
{Cqk« 1 9 6 4 T h a high concantration of f luor ida i s genarally 
associa tad with l i i^ i pH. Soaa amoimt of f l uo r ida in drinking 
watars i s a s s a n t i a l bacausa i t raducas tooth dacay* Tha maxitmira 
concantration of f luo r ida raco^ivaandad in drinking uratars rangas 
batnaan U « t o 3«4 sig/l by m«H,o« (1978) and 1.0 t o l . S psm hy 
Cwm%Q0 Oovarmaant of Zndia# Htw Mslhi U97»« Tabla xxxxv), 
Ikidasirabla a f f a c t a vhieh may ba producad by tha asscassiya 
« 0 
f l uo r ida contants in %ratar includa cuiKQUletiy;a f l u o r ^ i a with 
r a su l t i ng ska l a t a l ^magas in both chi ldaan and adults* 
l^ha r a in na tars ovar ths araa of atudy ravaal vary l i t t l e 
iocraa«a in tha f luor ida contants oirar tha thraa yaar pariod 
(1974 - 78)* In Aligarh« Bulandshahr and Maarut d i s t r i c t s i t 
ineraasaa frcm 0.12 ppa t o 0*14 iq;>»* (0.13 ppm), 0*34 ppm t o 
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O«30 ppot (0.36 ppm) ftnd 0«33 ppnt t o ppm (0*38 ppm 
In i t r i m £ira» ppst t o 0«4€ ppn dur ing 1977 b u t £«iaji 
t o 0m2X ppm i o 1973 br ing ing the t h r e e «flrerag« t o 
OmZ^  pm* ifh«r«&6 i n Hsthura d i s t r i c t i t d»crmis«8 from 0.34 pp« 
i o 1976 t o 0*13 ppm in i977 but s i i g h t l y incr«a8«ii t o 0 .33 ppm 
in 1976. ^Im t h m e ye« r ' « m w a g ^ thuo come9 t o 0*26 ppm* 
aireragtt f l u o r i d e conten t of r« in waters i n t h i s region however* 
cam» t o 0«27 ppm mt}^ Bulendshebr (0.36 pp«i ) and 
f ^ o r u t C0*38 ppa) e r e t he only tvo d i e t r i c t s i n which t h e f l u o r i d e 
conten t of r e i n v e t e r s i s moxe than t h e bas in an^erage* These 
e r e eXso i n d u s t r i e l i y much developed d i s t r i c t s of t he r eg ion , 
t h e miniimiB} f l u o r i d e cc^tcentretion hc»Nnrer# v»b found a t Timdle 
(0 .01 ppi!i# !reble«^ucxv2} i n Agre d i s t r i c t end nsKimum e t Blymm 
(0*87 ppou Teble<XKXZX> i n Bulandshehr d i s t r i c t . 
f l u o r i d e con ten t s i n the s u r f a c e waters a t Mathiura 
end Bulandshehr d i s t r i c t s show t h e inc reas ing txend dur ing 
1976 t o i97«« froM 2.S ppn t o 2«€6 ppai <2*S8 ppm}« 2*42 ppm 
t o 2*71 ppm (2«S4 ppm) and 1,28 ppm t o U70 ppm {1*44 ppn> 
r«spectl?rely* Zn Aligarh end Mterut d i s t r i c t s i t s l i g h t l y 
decreases from 2*0 ppm t o 1*9 ppm and U73 p j ^ t o 1*71 ppm in 
1977 bu t i t increases t o 2 . IS ppsa and 1.94 ppai n ^ i n g t h e t h r e s 
y e a r ' s averages as 2»01 moA 1*79 ppM respoct ive ly* The 
avsrage of t t » e n t i r e bas in coaies t o 2.07 ppm (¥eble«IXX) 
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«mich i 8 loiMir in Aiigajrh (9*02 j^m), mtXandshahr (1*44 ppta) 
•tMl NMmt <U79 ppm) d i v t r l c t i * Zn (2*59 and itethttri 
(3*$6 ppm) th® thj:«tt ymmx'*» wmg^ f l u o r i c contcizt in •urfAc* 
iiat«r» i s more-* than the basin av««aga (2*076 p ^ , 
Cl ina ta (ar id t o aaaii a r i d ) and l i t h o l o g i c a i aa t {hrm^Xli m 
ViaOtiym aadimenta) in tha v i e i a i t y a r a poaaibly Xm tha nain 
mmon9 f o r hifrhar fIi»Qirida ecmtanta in aurfaca watara of thaai 
two d i a t r i c t a * tTha niniimiR} f l i ior ida ec»ieaiitjeatio& waa not icad 
a t aabupura (0«44 ppm, on tha Itatik of tha Yaimiiia 
r i v a r i s SuXandahahr d i s t r i c t and mmimm a t Naiidgw»i (4«€7 ppmi 
Tal»la«^XZ) naar tha bordar batwaen ftajaathan and Mathura diatr^ 
tifound watara of t h i s - ragi(»i shoif v«£y i i t t i e va r i i 
in tha f l uo r ida contanta* I t a l i g h t l y incraaaaa ovar tha thrai 
yaar pariod in Agra* Buiandahahr and Maarut d i s t r i c t s from 
i«7S ppm t o 8*i2 ppm ppm), I« t5 t o 1*20 ppm ( i« i7 ppm 
and 1*04 ppm t o 1*21 ppm {UQ9 ppm)* Xn Mathura and j a iga rh 
d i s t r i c t s on th<3 o tha r hand i t s l i g h t l y ineraasad dvcring 1977 
from 2«2S ppm t o 2*3i ppm and t o ppiii* I t f a l l a down 
t o ppm and i . i S ppm duiting 1970* br inging tha thcaa yaar*s 
anraraga t o 2«i7 ppm and 1*68 ppm raspao t iva ly . Ttm t h raa yaara 
basin craraga comaa t o 1*40 ppm (Til»la«lXX), •ulandahahr( l*i7 
and itearttt <1*09 ppm) conta in l a sa f l u o r i d a in ground uratara t b 
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ttm o£ ttm bas in ^Amm 99 it laore in (1*^6 ppiti)» 
}lKthur« C2«i7 ppm) mad migar t i ppai) d i s t r i c t s . Ths i « « i t 
f i u o c i a s ccmeftntirfttion its grouod %i&t«r8 i s fouod « t 
iRolita (0«as ppm TabXe«»I*) th« sgricultuirttly high productive 
ragion of Mserut d i s t r i c t and t h e highest a t Haodgaon U*10 spm, 
j u s t a t tbm lUkjasthan boraer i n mthtara d i s t r i c t , 
ffho qua l i t y of ground n a t a r a s par 
the s p e c i f i c a t i o n s of the tasm unbraces the eoBd>ined physi«mX« 
chemicai and biological c h a r a c t e r i s t i c s o£ i t and i s o£ g rea t 
ii^portance in de t amin ing the su i tab iXi ty of a p a r t i c u l a r grousid 
watar f o r c e r t a in paxpmeB ipvU^lic tmter irr igatics)« 
i n d u s t r i a l « ^ I i c a t i o o # cooiing« heating^ povar generat ion e t c . )• 
^he q u a l i t y of m t e r s i s the r e s u l t a n t of a l l processes and 
reac t ions t ha t have ac ted on the wster from the monent i t condenses 
in t h e ataosphere t o t he tiras i t i s discharged by a wsl l o r 
spring* 
The natural water nay conta in physical i s p u r i t i e s li3ca 
vegetables and colouring sietar ials* chemical i»p t t r i t i es l i k e 
sewicol loidal sxdtistaiicea, dissolved gases Xilsm COj ete«« the 
siioerala and b io log ica l i i ipur i t i es l i k e ttiorGides# e t c . The 
major b e n e f i c i a l uses of water requ i r ing soies s tandards of 
water pu r i ty loay be gro»«>ed i n to (i> aquat ic l i f e ( i i ) i r r i g a t i o n 
water supply^ ( i i i ) i n d u s t r i a l water s^s^ly* ( i t ) dGswstic water 
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supply* «xid (v) c«creation« 
Ttmrtt «r« getn«s«l p«resMt«rft vhlch can proirid* 
immrlably the qua l i ty st0»aajc«jUi d wat^r . Car ta in pacatnatara 
ara s p a c i f i e t o c e r t a i n watara f o r a p a e i f i c uysaa. With «^parianc«) 
tmi parametara a lao gat introducad* Ae auclv tha qua l i ty 
c<»sidairatica> of watar f o r po l lu t i oo ecmtrol and apacif i c uaaa 
i s a ccmtinulag proems and oxAi m and in i t a a l f * i h e caisncm 
paraoiatatra uaad a t pjraaant i » Xadia f o r datarmining the tmta r 
qua l i t y f o r a p a c i f i e uaea are aa fo l lows (ia ^ 
(a) ^ i ia t^ f : MSS.* tfataro i » i«hlch f i s h oould aiirtriva and 
raproduca e a s i l y ara auppoaad t o ba the nommX v a t a r s f o r aquat ic 
l i f a , f h a dieaolved oxygati^ pa and coocantrat ion o£ e&tbon dieadda 
and aoiaonia in «a ta r s a ra tha ra fo ra of aignif icance, 
(b) B$S£ SSEBtr* s u i t a b i l i t y of watar f o r 
i r r i g a t i n g a p a r t i c u l a r typa of erop gnrnn on a p a r t i c u l a r s o i l 
i s a cooplax problem raqui r ing cons ida ra t ion of tha sodium and 
calciuM a a l t a dissolvad in watar* pH, t ax tura of aoil« drainaga 
condit iona of s o i l moA praaenca of s a l t s in i t and crop aanaiv i ty 
(Raman* 1977 )• A a n a l l concantrat ion (1 ppm) of boron i n t he 
%«atar aaiqplas atay a l s o laaka i t unsui tab la f o r i r r i ^^ t i c fk . Climata 
and o thar changas during tha yaar a l s o a f f a c t tha a u i t a b i l i t y 
of 
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£or i r r ig f t t io f i pweprnma it i t e pof t i t ion t h e 
dtiagvem Xiee wi thin th« zowt ot good o r rno^mmte <fig«itiib) 
which ia based cm e l e e t r i c a i co&disctivity ana sodiua i ^ o x p t i o n 
r a t i o m m / ^ <C« Hg> /Z , vOvm t h e coiie«ntrfttiOK( of 
vairioup cmstitvmntB i a mspzesm^^ i » miXXi. mmiir&X&nt p e r 
li%tm ifliXXcm Cii) i t coiaes \m€mt Ci^ss X o r XX of t h e 
c h a r t aeviilopea lay Doiieen v^hich i e based on p e x ^ a b i l i t y 
ii^teit 
' ^ Ca 4- Hg 
X iOO* wtwre ione a r c ^x^msBm^ i a 
siiXXi ( i i i ) i t conta ins not mam than XOOO ppm t o t a l 
aissoXvad soXids* ( S i o ^ X e t al»« X970)* ^h ia Ximit can be 
izicyaasc^d t o X?00 i£ eaXci\£a fonRi9 2$% ^ t3rm totaX baaaa 
(Ha iCft) and Civ) i t a aaXt ix^sa i a n e ^ t i v a * trtia aaXt inaax 
i a given tsy S#Z« « CtotaX ^ <»24*S) » (^otaX Ca^Xa i » CaCO^ 
4«85,irhara iona a r e axpraaaad in ppm (^iaghaX a t aX# 1978)• 
i ratars o tha r than thaaa apa ganaraXXy Omt not icvariabXy) 
(tt ifi t £or i r r i g a t i o n or heva r a a t r i c t a d uaa d i ^ n d i n g »pon tit» 
• o i l typm, na tu ra o€ crops and drainaga cosiditioaa a te* 
Vfatay Sttpp^vt I n d u s t r i a l watar q u a l i t y r a q ^ i i i ^ n t 
a ra highly d ias l tn i l a r and v a r i a d v ida ly from indus t ry t o indus t ry , 
Tha caquiramtnts £or food and bavaraga as« d i f f a x a n t from t h a t 
of t a K t l l a and pvpmr, b o i l a r faad« coo l ing ifatar« i n t a r n a l ccoftnistioi; 
anginaa and t r anspo r t i ng procassas* 
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Sa£i21$iSB» w»t«jr» t h a t a r* t o l » i»©d f o r r«cr»«t ion 
piic{»0»«« should be fc«e from Gtmoaciouf f lofttln^^ or 
auibatfincM «n<S d b j e o t i o n ^ l a colours «iiil odours* In addi t ion 
tonthing waters should tiot contain hafisful o r i r r i t a t i o g 
•udbstoncas t o slUUi* 
Poaaestic y a t f r aupp:^yi f o r such supply* the p a l a t ^ ^ i l i t y 
ae s tha t i c and sa fa ty (po tab i l i t y ) a ra tha q w e m i n g f a c t o r s 
(Eaoftaii* 1977}« Bactar ia l contaminatioti and t o t a l dissolved s o l i d s 
&s» tha two iiiQ;>ortant c r i t a r i a f o r Judging the qua l i ty of %«itar 
f o r dr inking pucpoaes. ^Ince the l»acteriologlcel inves t iga t ion 
does Dot f e l l wi thio th© penriev of thfi preeeiit study, the Judgmmt 
neuter f o r housalK>ld use has btten besed on tho chemical ecac>osition 
of the diesolved sol ids* 
ISlm interpretatior^ of ctMKaical ana lys i s i s e highly 
subjec t ive n a t t e r azkd t h e a b i l i t y could be derived through 
e^qperieisce cmly* % i i t a b i l i t y o£ water depends c^ t h e purpoae 
and loca l donfiitions of i t s use . I t i s not poss ible t o have a 
s ingle c r i lwr i a t h a t can have universa l i|)fplication» Xn e a r l i e r 
s tud ies under the supervision of t he present author l y Khursbsad 
<1979) and Siddiqi <1979), ad<^ted the nathods applied by Hi l l 
<1940* 19«a), fiisigft&«er and Ludwig ^1942}« Piper (1944) and Hand* 
<1974) f o r t h e in texpre ta t ion of chemical d a t a . In the peeaent 
study^ th<!^  graphical nsthod cewnoiily r e f e r r e d as the shape diagrani 
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(T^atirunttlii* i97i ) been adopt«d« Tliia awthod in iNMey halp£uX 
t o • h m thm -wmr l t im in chemical c a q p o s i t i m of v«riouji wator 
bodiet CrftiOf •uxfece «n4 siib««iarface) a t the eaiae locaS^lty and 
a l so t o taraioa t h e doninant iotia pjraaent in thaae watar bodiea 
a t d i f f a r a n t leca t ioua in tha jpagicn* The aliapa d iagram vara 
mada taking tha th raa y€:ar*a avaraga o£ var ious ca t ions mnA 
mlKoa a t a particaJlar loca l i ty* The eaXaetioo ot var ious 
jLocalitias was done v i t h a viair t o have an aven d i s t r i b u t i o n 
mmr tha whole jregion* In casea of o c ^ 1) aieinente the ba r 
diagirwe ware a i s o p lo t t ed i ^ r a a s i g n i f i c a n t change in t h e i r 
concantrat ion was noticed w a r tha th raa year per iod 
AO airaady s t a t e d e a r l i e r tho isain thafsa o£ tha i^resant 
fttu<^ i s t o f i n d out t h e changas in chemical qua l i ty o£ t h a var ious 
va t a r bodies i n tha ragion due t o changas in the asvironment by 
anthropogenic a c t i v i t i a s with t i i t^ r a t h a r t o propc^a any gaochamical 
c l a s s i f i c a t i o n of thasa waiars which has a i r ad> bean dona by 
Bahadur and &axana (197«) an<^  l a t a l y by tha authorjts a s soc ia tas 
(Khurshaad, 1979 and S idd iq i , 1979)• 
t h a araa-wlsa changaa in tha chanilcal qua l i t y of tha various 
watar bodies in tha c a n t r a l Ganga^^anuna basin may b r i a f l y ba 
stttmarisad aa follows t 
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aiora p a t r i o t t sbap«» diagrimii 13 a , S t o 19 ) 
reveni t h a t t he r a i n vntera 4n Agara d i v t r l e t contain mo^rnoA Cm'^'^ 
as ttm dominant anion and os t ion r e ipac t ive iy t ha aurfafca 
i iatars South of th© rmrnim r ivai: cuf© r i c h i n fC03 and CX~~ araongtt 
aniona and sia^ aracmgat the caticms i f i ^ a | 2 i$ and 19 
and north of ifisrauna W O y m d so^ mmtgat m i c m and £ia amount 
tha cat iooa^ ( t i g s IS 16 6 &)• SimilarXy tha muriaee 
water bodiea s i t ua t ed near t h e Gaaabhir r i v e r i n aoath v e a t e m p a r t 
of Agra a re ©lao r i ch in HCO^  on^ aioonQat anions and Sa 
asiongat the oaticma (Fi^s 14 A»B» 17 A and iaA«B} %rhich a re a l s o 
r e f l e c t e d in the ground t iater bodiea* 
l^he high aulphate concentrat ion north o£ the ^Cimuna r i v e r 
in both aturface tnA aiib«*aurf ace waters loay be due t o the heavy 
concentrat ion o£ coal uaera and other induat r iea in t h e northern 
bank of the r i v e r whereas high chlor ide concentrat ion on the aouth 
may be due t o the mineraXogicei coii|>oaition of t he country rocka 
b e l o n g ! t o the Araval l i and Vindhyan ayatam on t h e one hand 
and Manual and iodua t r i« l waetea on the o the r . The lOsnomally 
high auli 'hate ooneaatrat iona in the areaa recharged by the Oenbhir 
r i v e r may bo a t t r i b u t e d t o the high auXphate concentrat ion in t he 
na tera of t h a t r i v e r near <^agnair* The probable source may be 
the vaatea frora Oholpur gla^a and chemical f u r t h e r aouth 
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of 
Qciuirttliy* an <uirly increase in the t o t a l 4aiiMoiv«(S 
no^**, f and B (figa«20 and 22 t o as) in min« aurfaea and ground 
watara haa baen not iced axeapting a s l i g h t f a l l in caaa o£ toma 
o£ thaaa ions during 1977• Simi lar ly a dscraaaa in the oontanta 
o£ m Wigwil) from 1970 t o 1976 in a l l tha th rae watar bodias 
t ^ the d i s t r i c t has baan obaanred. I t ia» thara£ora# pointed out 
t h a t thaaa ««atara have a prisaary a l k a l i n i t y which goas on 
decraasir g dua t o d i l u t i o n and chamical cttflMaticma by w«sta 
watara r e s u l t i n g in new mineral iosmationa and t h e i r gradual 
s a t l i n g with the bottom so i l s* B j c o e s s i v ^ a o i t a r t i l i s a r s 
and p e s t i c i d e s (Tablawooc) t o boost a g r i c u l t u r a l production rasy 
be tha o ther poss ib le cauaas f o r t h i s increase* 
^ m water qua l i ty in t h e northern p a r t o£ t h i s d i s t r i c t i s 
usual ly good but in aouthem p a r t of the Yamim and around 
t e t a l ^ u r s i k r i aomR sa l i ne aqui fe rs make the water u n f i t f o r 
dr inking and i r r i g a t i o n purposes (^ig*2€)* 
ifathura d i s t r i c t t On the bas i s of water qua l i ty tha Msthura d i s t r i c t 
could be divided in to two groups* The northern p a r t which i s r i ch 
in HCOj", SO^" and CI** «nions and Na"^  c«t ions (iEigs«27 28 A,B 
29 A«B and 30 and the s<mtham part* r i ch in W O ^ , ftO^*** 
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•3i« and 32) aoiongst tiM anions and cat iona 
jraapactlvaJly* Tha abaomal ly high 19*'*' ooncantcation in tha 
northacft i iar t i s mainXy Oua t o a a a l t laHa (Haujhil.} and aomt 
o thar Xoc&X a a l lna pocKata looatXy due t o tha praaanca of r i c h Ha'*' 
eoRtasta ia the a o i l «nd aub-aurfaca s t r a t a trharaas isainly 
addad froca tha abundant coal uaara and othar chemical and heavy 
induatr iaa located cloaaly on tha north (Sallidbharg fi Faridabad 
i n d u s t r i a l co»|?lexaa)« H ^ ^ f l u o r i d e and botooi concentra t ion ia 
priaiari ly due t o loca l l l t h o l o g l c a l and cl i inat ic (a r id in p a r t ) 
oonditiona* whereaa 3S} ia laainly added through the 
f e r t i l i s e r s in these water bodies (Table-^OX). 
Stain waters in Mathura reveal ' an increase in the 
ccacent ra t ion whereas i t decxeaaea in su r face and aub^surface 
waters (Fig. 33}# whereas Na* (Fig* 34) content in r a i n waters 
decreases from i976«-79 but i t increasea in aurface and aubMiurfece 
waters (exess^t during 1978 where i t s l i ^ t l y decreases)* The 
gradual inereaae in Ma^ content in both aurface and siib<»sttrfs^ce 
watera has posed a challenga t o hydro^gaologists and the 
a g r i c u l t u r a l a c i a n t i a t a al ike* Zn t h e author* a Qpinien« t h e 
enormous i nd u s t r i a l a c t i v i t y in t he north reau l ted in th# g r ea t e r 
i n d u s t r i a l l i q u i d and s o l i d wasted* I t waa aggravated liirith t he 
/ 
increased weathering of the atineral content of the lociil s o i l 
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du» t o •oi^ttnt: aiippXy throu^l} th* i&<Su«tri«l. 
couia b t tOM of %hm p o t t i b l * tsmmmw •odiyet ittex*«dMi i n thp 
nortlittirfs p« r t of t h i s d i a t r i c t hmui^s o thar inj t i r lou* •al t i r I M 
f l u o r i d e s , » l t r« t«» «te» (Figs, 36 * 36K Tim ^ m o A 
w«t«r in th« n o r t h t m pairt i s thus uiisuit8bl« £or i r r i 9 f t t i o n wid 
drinkit if pucpM* ifh«r«as i n th» soixtbieni pmrt i t i s «ttitabX« t o 
both ijrriQfttioft and hoiiso«^oXd ptiJepos#s I t i s thftf«foc« 
sug^sstsd t h s t the vmtmxm in thtt no r thsm pairt of the d i s t r i c t misr 
IDS us«d f o r i r r i g s t i o n a f t a r bl^ndinq i t with t he Agra e«naa or 
t tmam r i v « r iratsrs so t h a t va s t t%Xl<m iand of region bs put 
t o a t^ ieui t tkra i issa« and t h a htnan populat ion ba saved f r o a f l u o r o s i s 
i ^ i e h has a f f a o t a d a s i g n i f i e a n t pepoiati<m in soma v i i l a g a s of 
t h i s p a r t of th« d i s t r i c t bir supplying potable q u a l i t y of water . 
Alioarh d i s t r i c t ! t he chemical giuality of ground na t e r s reveal a 
gradual decrsase in t he concentrat ion of var ious ions as one 
proceeds f roe Yaauna on the ifest tmmer Tas^al t o Oanga in the /nea r 
Qangiri with sone exceptions due t o l o c a l condit ions* I t v a r i e s 
f r o * brackish i n scoia v e s t e m pa r t s of t he d i s t r i c t t o iroderately 
s o f t or bioaKbonate type i n the eas t* The waters in the western 
por t ions contain high M o u n t of mo^ , c i , s o . a i R O t i ^ t t he anioos 
and Mg and Me in the ca t ions <rig» 40 and 42 K B , ) which 
T 
gradually goes down t o about half l a a s than half in the 
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p«irt o£ the 4 i«f t r lc t (Fig 49 A,B« 44 4$ and 46 A.Bh 
ll»«r itmim ( r ig . 44 A) •» •aocMdingiy higli fi/ eoBt«fit* 
ttip* ocrkiid dui thu p]Ni»«nc« of th* xi««xby t lMxml poiwr 
• t a t ioQ P«rt« ofi th«Mi imm «ir« «l«o eoot r ibu tad 
til* Xoeai « o l i which i « r i c b in fs ivpara* <|u«rt«« mvmcmttMBt 
and hendblAndft* mugtkm and •• 
Tfaft di«gr«a« hoif«v«r shoiia * ftonogftniaty ha tmen tmin, 
siirfttCtt «nd •Ub-iiturfac* imtmzB mt tdmmt iocaXi t iM i » 
th« d i s t r i c t bttcaiise e««y «rMl tifioeXy itif iXtr«tioii of the w«t«rs 
fream tiam svisface »oiirctt» du« t o p ^ o u s end fXttt Xwsd* 
Stm imin wmtmrm m the anmxfmge ahow an i n 
content f£«RI X976 t o a m i« caaa in aurfaca mitajnt b i^ 
in a ^ a i i r f a c a iiatara t h a contant dacreaaaa during i977 
but i t fuir thar ineraaaaa during 1970 (fig« 47 >* Except f o r aurface 
ifatera* tha aodiiai content f i r a t increaae and then decree** 
during 1978 ifhere aa in aurface watera i t decreaae during 1977 
and than a t a r t a increaaing during i97& (Fig* 48 K SimlXar i a 
the caae v i t h r^iona aXao (Fig« SO) but t h e r e l a a aXight increaee 
i n K ion concentra t ion frott 1976 t o 78 ( Vig* 49) . Tbe increaee 
in X ion eooeentrat ion and depXetion in 
and F could 
poeaibXe be due t o in tenaive u t i i i a a t i o n of soiX Xeawing i t 
i^ocorered f o r tha miaimm period ao t h a t the Xeaching of aaXta 
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i ron i t could not take p lace which ro«ult«<l in th« gradual 
deplat ion of Ha^ and r * in thoaa pajrta of the d i s t r i c t * thm 
m s ^ m s i v vam of £ e r t U i s « r 0 l e f t nnach of i t lanittiliLaiad bjf 
the plantii* p a r t of which paccolated througlh the watar under 
ground and p a r t of i t t o the aurface water )»odiea aa run off 
which accelera ted the anount of K"*" in these water bodies« 
According t o the U.S. S a l i n i t y diagram* the water i« 
su i t ab l e f o r i r r i g a t i o n in AXigarh .except &asni and Khair 
blocks of the d i s t r i c t . 
d i s t r i c t I Z«ike M.igarh the ccmeentration 
in t h i s d i s t r i c t decreases f roan v e s t t o e a s t I . e . the %<ater 
bodies ly ing under €he lauauna eotnoend area ha^e taore ionic 
concentrat ion as coeipared t o t h i t of r i v e r Ganges. sh«ipe 
diegram of irain« sur£ace and sub»surface water bodies aiaintain 
e p e r f e c t equil ibriuia a s regards t o t h e concentrat ion eH var ious 
ions i s concerned. 7he water bodies of t he western p a r t of 
the d i s t r i c t which i s i n d u s t r i a l l y much erouded conta in laors 
aiaount of HCO3** Cl7 ^nd Ha'*' Ions <figs* 52 S3 and 
54 The cfsncentration o£ these ions decreases towards 
eas t which i s l e s s i ndus t r i a l i s ed and more f e r t i l e region of 
the d i s t r i c t where on the ttverage C l " and 60^'**co(icentration 
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gomm ^tma to Jmlmr t90 i p a (Fig* S5 h,1t to > moA t h a t 
of ^bmlm too ppm L i t J c ^ i (Fig* 57 3 ) %fimxm i t i s 
«bout iSO ppm dm to i o ca i a o i i condi t ion which i» coaiparatiYaly 
mor» allialinft* 
Thm o o o ^ r a t i v e Btwdy mmr t h e t h r e e ymmw pe r iod smmaX 
t h a t t ha alicwia « 4laei?aa«in9 txand in misiBm and aub«<«iiirfaea 
vataca on tha tfhola aiccapt i n ca in watara i ^ r a a a l i g l i t incjraaM 
haa bean not iead (Fig, #a* and €$) a l to i ia r i a tha eaaa with 
Ca# Hg , Ha iona (Fig« ) bu t an inesaaaa i n K ^and 
HO^ content haa been noticed (Fig« 64 and 6S )* I t i a a a i n l y 
dua t o otrar a jqploi ta t ion of iand and axcaaaiira urn of f a r t i X i s a r a 
(Tabla^^QOCXV) without Xagvin^ tha aoiX t o € » o d a or Xaaohad ou t . 
On the whoia tha watar in BuXandahahr d i a t r t c t i a nodera ta ly 
ao£t cxr bicaj:1»onata typa* According t o t h a a a l i n i t y diagraiBi 
tha watar i a a u i t a b i a f o r i r r i g a t i o n in tha whoia of tha d i a t r i e t . 
Tha oirar i n d u a t r i a l i a a t i o n in tha waatara p a r t of t ha d i a t r i e t 
poaalbiy eoiXd not d a t a r i o r a t a the watar q u a l i t y of the ragion 
/ 
baeauaa o£ tha wastaa of moBt of thaaa indua t r i aa goaa t o tha 
Yatnuna r i va r* Aa auch tha d i a t r i c t i a raohargad by tha r i v a r a 
r 
gangaa and Kaii which a ra coopara t iva ly va ry i i t t i a p o i i u t a d 
t i l l t o data* 
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t t t F i ^ 61S£EjSSi.» Mlth tti« «xc«ptioEi o£ aom loca l 
d m t o anthropogenic a c t i v i t y th« %mtes bodi** in t h i s region 
mXBo b«h«v« in th* same amniMir in AX4g&rh and BaXan<lahahJr 
d i a i r i e t a« where d*er«aaa in Na'*' content fxom lEftimina in the 
vas t t o r i v e r Oangea in the aaat haa haan notisadl (Fig* ^ 
t o 7S KB}m ^ e concentrat ion in the water bodies 
in the d i s t r i c t i s below SOO ppim« The concentrat ion of HCOj* 
and CI** in westam p a r t of the d i s t r i c t on the avarage 
i s beiow SOO ppn in sur face waters and baiow 300 ppn in ground 
waters and t h a t of Ha"^ * C^t* and Mg**^  below iOO ppm each <fig.68 
t o 72 Ai/B). f h a coiMsantratioa a i MCCJj^ 't C l " in 
atisiBem and siib«stMdE!ace waters on the evmragtt c m a s down t o 
below 400 ppm and 200 ppm respec t ive ly whareas t h a t of 
Mg** and Ha'*' below SO each <Fig« 7J KB t o 75 A91B} but on 
tha o ther s ide o£ Yamuna m content naar Kamal 
and Aabala i s qu i t e high* 
On the average an yearly iaciaas<# in !la*# it* MOj" 
and B^ has been obaazved enrar t he th ree yaar per iod 76 t o 
• ! ) • Zt i s perhaps due t o an increase in the i n d u s t r l a l i a a t i o n 
with an accalara tad r a t a in t h i s d i a t r i c t toge ther with i n t a n -
s lve ag r i cu l t u r a l ac t i v i t y* 2t is» therefore* suggested t h a t m 
cheek sMat be Made so t h a t the water qua l i ty in the ragien 
should not f u r t h e r de te r io ra te* Mthougly a t p resen t i t i s 
OROdarately s o f t or bieajdsonate type and according t o b*S* 
s a l i n i t y diagram the water i s s u i t a b l e f o r i rr igat ior^ (llig*82). 
180 
Cheaiictti m o l t s vatiir colX«ct*d trom r«ixi« 
var ious city out f a l l axmltm^ it)du«tri«l 4Mitttt#*# poods* 
r lve tS t i^tssa and vrntrnx end cp«ii %mllm 
Safiicate t t aa^ the c i t i a s and totfus s i t ua t ed io the 6mm ^ 
stxttams Q£ ^ Hmmxrm z'iver in Central p a r t oC tba GaxtQa^Yatmiiiji 
ri irar^oootaia faojra dissoivad s o i i a s i n eoi^;»«rision t o thosa 
' I 
ttituatad in tha v i c i n i t y o£ the Ganges, Tha ground watar« in 
ganaral va r i a s frora sodium ]E>ica«t>oiiat« typa t o modarataiy 
s o i t o r l»i«cax)»onata (Lcm typa a® oxta proeaad from the 
«feat {X»mm% r iver> t o tha aaSt|^ang»s r iva^^. Haters in the 
waatam portiovi o£ tha basin contain h i ^ i a^aount o£ HCap 
c C and SOi^  Iwiongst tha anions and Sa"^ in the 
ca t ions which usually dacl i^a t o half or l a s s than half in 
tha aas ta rn pa r t of tha basin» ^ha a o i l conditiona a l s o ehan^a 
froia n o r t h e a s t t o aooth^wast and a l a o f r o n %fast t o aast* 
I t i s aors f a r t i l a in tha north«aastarn and Oftstam p a r t of 
tha basin and tha f a r t i l i t y dacraasaa towards wast and south**«fast# 
itfharaas tha s a l i n i t y of tha s o i l iocra«sas« hz nsany placas 
of tha 'SfSRxma connand araa an incraasa in ca t ions and anions 
in ground wmtmrm of tha ordar of 30*2S9(« cnrar t ha thraa ^ a r 
par iod has baan obsarvad» Tha southiMiiMstam p a r t of tha bas in 
which l i a in tha doimstraam of tha r i v a r Yamuna contain aora 
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eiiaiftt ie condit ion* (a r id t o p a r t l y aMii^Hirid)^ wot u&m 
tha pc»sibXe causaa o£ high t i uo r ida eontant in tha watara 
of t h i a p a r t o£ tha baain* Caaaa o£ acuta f l u o r o s i s eapac ia i iy 
aiao^ngat tha ch i id ran toaioir ten yaara of aga* have i^ aaDi 
raportad the fiadicai S^actitioaaara in tha i n t a r i o r p a r t 
of t h i a region* Sotaa caaaa of ezudemic f iuoroa ia r«a u l t i ng in 
tha aka i a t a i d i m g t a in ch i id ran hava a i a o com t o i i g h t 
in racant yoara* i^ppiaa in tU4a «eaa)«aao s u f f e r i n g from 
Gaat ro in tea t ina i troift>laa and other atoi»aeh aiXmanta %fith 
tha r a s u i t tha genarial haa i th o£ the i r i l i a ^ f o l k in t h i a 
region i s not good as eooiparad t o t h a i r ootmterparta in nor th-
e e s t ^ m or a a s t e m p a r t of t h i a Daain* 
Zo ganaraX the aurface and auib«aurfaca iimter bodiaa 
adjo in ing tha r i v e r S^iitmina are not au i t ab i a f o r domeatic uaa 
and in tha downjitraa»s of tha r i v a r Yatrntna (parta of %thura 
and Agra d i a t r i e t a ) i t i a not avan aui tad f o r irrigati<3gi 
purpoaaa. I t i a aoggaatad t h a t iranadiata naaauraa b ^ a k a n lay th^ 
Qwmtmmnt so t h a t paopi* ' t o p using tha aurfaea and 
ground watara in pa r t a of ^fothura (Ra^ihil* and Hat bXocIca) 
and Agra ( fa tahpur- f t ikr i and l O r o l i Bloeka) d i a t r i e t a . othaxvisa 
tha daya ara not f a r off whan tha f a r t i i a land* although 
vary i i t t i a a t prasant* w i l l changa In to a s a l i n a and major i ty 
of tha papulat ion w i l l ba a f f a e t a d by tha draadful diaaaaaa» 
<s lika- f l i j p ^ i a and <9thar steoach a i lnsnta* 
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<lU«olv«a »o3Lld»t HC0j7 G.C a o j r K Cm'^ '^ icai* which 
« » on An lncs»«aing tcwnd* VHm comaon «ou,rceii in t h i s 
of the bsslQ include a M l i n a Xak* (llaujhil* in tfathurv d i s t r i c t 
•mmgti'mnd sul lage £rc3m the Ukiion Terxritoxy of M h i end o ther 
b ig c i t i e s i i k e llserut« Gh«»i«b«d« faridabed* Baa.i«bhgejrh mtic,* 
thexaiftl. pover plants* Zron and S t e e l foundriea* ohemical and 
oeraaiic industry, earhonate rock leased i n ^ ^ t r i e s and loca l 
geological formit ions (Araval l i and Vindhyan sediiaents)* 
A v a r i a t i o n in the contents of T.O.S^i 3 
Ufa? C a ^ and MgT ; in ground %<ater« ha« a l s o been not iced 
with the aaasonal changes* The contents of these ions Increased 
during the prainonsoons* Ifnco^t those which l i e very c lose t o 
ifaoiuna where an increase W t a r the monaootui has been noticed* 
Xt was a l s o observed t h a t y r ea s where the t^p v o i l i s coarsa* 
aore paroMable and porous <^ith l i t t l e or no f ) f l t content a r* 
r i ch in tsAny of the abore iimions and cations*\ Snrichment in 
sonie of the ca t ions and aniens in ground was a l so found 
t o inereaae in low ly ing ar^as with poor d r a i | n l ^ (Munihai* 
in Agra d i a t t i e t and Hew Ochia township* in ipuilmdshahr d i s t r i c 
An ciieeedingly high consent of f l uo r ide \has been obserired 
in the soutli«iwestem p a r t dC tjhe study area# a s ^ e c i a l l y ttiat* 
be idar lng the AravalXi and VinWiyan rocHs# very Wlose t o ftajaatli 
border* waathering of the Binei:^l content and s i g h t l y adrersa 
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Zt th^mtom* •uggotfted t h a t the c i t y waste watera* 
m a dtlMitr indufttjt ial v«ait«s should not hm poaxmA in to thft 
Ttemuna r iv« r diirectXy but i t sboulLd b« chatmftll ised through 
lagoons and «v«pox-fttion poods and thsn d ivar t sd f o r i r r i g a t i o n a l 
purposes* For t h i s a tsaia oi a g r i c u l t u r a l s c i«n t i s t s« va t a r 
supply^ chamical^ san i t a ry ^isril s o i l and e a r t h s c i a n t i s t s should 
wrolva an in tagra tad schsias v i t h proper r o t a t i o n and i f 
poss ib l s with a l i t t l a d i l u t i on of t h i s l i q u i d i«»sta before i t s 
channsl isa t ion through l i n s d dra ins or cana ls t ^ t o the a g r i c u l t u r a l 
f i e l d s « otherwisa the Yamuna r i v a r water w i l l oiake t\v» ground 
water bodies in i t s cocmaand u n f i t f o r d r y i n g irriga-^.id) and 
i n d u s t r i a l purposes # which a t present has already crossed the 
s tandard l i m i t s of i t s s u i t a b i l i t y f o r var ious purposea* 
m aany developed countr iea guide l i n e isanuels have been 
prepared in consu l ta t ion with engineerst geologis ts and a o i l 
s c i e n t i s t a in loeating# evalua t ing the area needed f o r spray 
i r r i g a t i o n and deaigning the system f o r d i s t r i b u t i o n of the waste 
water t o the land aurface by forming sul lege lagoons because 
s o i l s a c t , as phys ica l , chemical and b io logic f i l t e r s . In India 
no 'srark has been done in t h i a directioou althouflli f o r a pocar 
o 
country l i k e Zndia %fhere aa^le waste land i s ava i l ab le , ^ u l d 
be u t i l i s e d f o r t h i s purpose* Xmnsdiate s teps should be taken 
t o svpply t r e a t e d waters t o the v i l l a g e f o l k , e spec ia l ly in the 
soutli«ifestem p a r t of the Yanuna cotawnd area and the waters from 
hand p ipes , open wel ls and shallow water tubewells be discarded 
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ior drix^i&g piixpoMa* 
Th0 mx9m» which coia* undhir the ccsmm& of the rivr 
Oftngt* in the mmntrnm p a r t of t h i s basin* r«q:uir« pr«p«r 
eon t ro i on p«8tioid*» and f « r t U i » a r doaaa t o bo given f o r « 
p a r t i c u l a r crop so t h a t tha ^mtmr bodiaa in t h i a p a r t couXd 
ba aaved froA the ill a f f e c t a of soma c^ t h e i r ingr^dianta* 
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HliPR0CH£H3CAL BgWiVlOOR QT VARIOOB 
loss IS A POLLUrED EWIRCWH&NT 
Th« 018jor constI tuenta in var ious i»«teir bodies a re • i t h s r 
supplied by th& chemicsl wssthsring of rock Hormlng minsrsls 
and s o i l s or through the a c t i v i t i e s o£ uaan. la tcnse chcmical 
vsft thsring of the source rock breaks down the coopXex s i l i c a t e s , 
elmnino-®ilIcatee and sulphides of igneous and roetemorphic rocks. 
The elements thus obtained (Fe« m , Mo, P^V, Cr# Co, Cu, Pb,Znf 
e t c . ) migrate p a r t l y in suspension as clay iRinerals, ccmsequently 
there w i l l be a higher concentraticm ae the eleraents in f i n e 
grained arg i l laceous and calcareous deep water sediments* Although 
there are %rell es tab l i shed methods deal ing with data in igneous 
geoch«iiistry# there i s no general recognised procedure f o r 
in t e rp re t ing tho chemical va r i a t i ons in a c lose ly r e l a t ed s e r i e s 
of sedinantary rocks and more so about water<K:hemistry« where the 
var ious anthropogenic sources went on changing the physico-
chemical behaviour o£ various elements* Baas Becking e t al»(1960)« 
Oarrels and Chr is t (196S>| &ato (1960)i ftUlen (1964)| Feely and 
Kulp (1957)r Hem (1953, 1970, 1976), Cotton and Wilkinson (1962)i 
Garrels (1960)| Kick and Kretsschoar (1968) r Schuls (1969)r 
Erikson and Khunakasen Handa (1975), Aeeder e t (1972)r 
Klustaan and Edwards (1977}> Wedepohl (1969, 1970, 1971 a , b ) t 
MeUer and Chawla (1969), Vjolfenden and Lewin (1977, 1976)| 
Xir ino and Yastaniota (1972? Mitchell (1972)y Martrin e t al.(1971}> 
Kraus««Qpf (19S6, 1967) I Khalid e t a l . (197e}y Jonassen (1976), 
f oc s tne r (1977) and Carpenter e t a l , (197S), 
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In thfi pjTttsent study «» «t.t«iqpt has hmmn m€m t o f i n d out 
th« int t t r - r«la t lon»hlp hetwmn the various e l events pr«s«nt« in 
r*in# stur£8Ci» and gramid wfttvr bod[i««« « p r ^ i l i i off continuous 
Chang* dua t o the additicm of wastes snd othar pa r t i cu l a t a s t h r o u ^ 
anthropogantc and othaj: anRrironmentai sourcss cotad asfpactsd* 
TIM local anvironmentaX snd othair anthropogenic sources var iad 
vidaly in t h i s p a r t o£ the Qanga^ioiniana rivmr bMin, which r s s u l t s 
in the addit ion substract ion o£ various ions« dua t o suspansion 
in th« bottom soi ls* adsorption by the plants* waeds* othsr orgsnic 
I i£« , ate* 
Zn oTaer t o ascer ta in the physico^hemical nature of t h i s 
p a r t of <3angn«>¥luiiun8 r i v e r basin, i t i s des i rable t o f i n d out the 
re la t ionsh ip between the various elements and inCluence of the 
loca l environment coi t h e i r chetaical behaviour* co l l ec t ive ly ever 
the three year period and a l so on yearly b a s i s . 
HEI^ j^ l IOti&HIP WITH PH 
PH veamua »i'><;arbonate i 
the p lo t o£ pH versus bicarbonate in rain* surface and sub-
surface waters based on three yea r ' s average, indicate a pos i t i ve 
re la t ionsh ip in aluiost a l l th« saaples co l lec ted from various 
p a r t s of the study area (Yigs* 84 a , 114 d« and 12S a ) . In Mathura 
d i s t , r i c t (Vig. 99 a) hcwenrar a s l i g h t f l uc tua t i on in the re la t ionsh ip 
bstween the two has teen not iced. I t i s qu i t e IDcely tha t the 
climata (arid t o saai<»arid}, local geological formations and the 
indus t r i a l e f f l u e n t s night have been responsible in d is turbing 
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Xhm nbovti •quation in th l» p a r t o£ thft Isotsin. 
pH v r < u g Chloride I F igs . 64 h, 98 b . And 13S b, on the whol« 
tmSXmct an Increase in the chlor ide e x t e n t with pH ixicrtiaffe in 
the var ious imtsr bodies (rain* starfacs and s\jb<Hiiirfac») in .mjor 
p a r t s of the basin« except Bulandshahr d i s t r i c t where the svurface 
waters rsnreal « s l i g h t l y ai3tipathetic r e l a t ionsh ip (Fig* 112 «)• 
The poss ib le explanation tor such a c h a n ^ could be the continuous 
addi t ion o£ su l lage and i n d u s t r i a l e f f l u e n t s in YAtmnm r i v e r and 
o ther sur face sources tr<xa so .^ of the biggest i ndus t r i a l a t^ 
urban toimships (<2h«ziabad^ Delhi# Stow (^hla , e t c . ) in the 
c lose v ic in i ty« 
pH versus sulphate t rain^ sur face and sud><»8urface water 
bodies in the study area reveal an increase in SYilphate ccsicentration 
with the increase of pH in almost a l l p a r t s of the bas in <f igs^ 64 c ) 
and 113 b) except Heerut (7ig. 135 c) d i s t r i c t where an a n t i p a t h e t i c 
r e l a t ionsh ip i s obsesved. The reason being* the predoiainance of 
coal us«r indus t r ies in t h i s p a r t ot the basin which might be 
responsible f o r such an upsett Ing In the physIco-chemical balance 
in the watjwr bodies ( ra in , su r face and sub-«urface} of t h i s d i s t r i c t . 
pH versus n i t r a t e y t The n i t r a t e s on the average reveal a d i r e c t 
r e l a t i onsh ip with pH in almost a l l pa r t s of the study a rea 
( f i g s . t 4 d , 98 d and 125 d) excepting soeae loca l d«vlati<m»» 
l i k e a v x f e r t i l i s e r doses and s o i l condi t ions . 
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pH v r » u » s i l i c a t /aroost iiXl the sanpX«s anftXysed indica te an 
ant ipathAtic raXationahip batwaen pH and aiXica ( F i ^ . 8S a) 
in aome ra in and sur face %rater aaiqpXea ( f i ^ . 99 «# and 
12€ a). 
iW veraua bopcmi Jtoron reveaXa a d i r e c t reXationahjl^ v i t h pH in 
taajor par te o£ the area of atudy, Zt increases with the increaaa 
^ pH in the var ious i iat^r bodies 85 h, 99 h and 126 !>)• 
PH versus fXuoride i In the study area» a p o s i t i v e correXation 
between pH and fXuoride content in var ious water bodies has be«n 
not iced ( f i ^ . 8S c« 99o« 1X2 o)« A pos i t i ve correXation 
between pH and the fXuoride ccmtent has aX«o been t.o reported by 
Tsurmaaki* X97X/ Tsuruoaki and s^urumoto X97S» X97e ) who 
a t t r i b u t e d t h a t t he dissoXuticxi fXuoride from rock and mineraXs 
in the bftsic soXution can be considered as the resuXt of 
eoKohange* 'The author aXso observed t h a t the chief source of 
fXuoride content in the study a re the v a r i c e s rocks and 
nineraXs in those XocaXities r a the r than the anthropogenic sources# 
because i t was found t h a t the imtera of industriaX and urban 
townships a re poor in fXuoride content than those i ^ i c h Xie 
nearer t o var ious gaoXogic formations* 
PH versus caXciumt The caXciuts in r a in and sur face waters in 
Agra and Mathura d i s t r i c t s t h a t Xie in the downstreame of the 
r i v e r Yknuna which ia ge t t ing laore poXXuted day by day# reveaX 
an a n t i p a t h e t i c reXation with pH (Fig. 8S d and 99 d}* whereas 
Heerut and SuXaodshahr d i a t r i c t s which are s i t u a t e d in the up 
streama, show a p o s i t i v e correXation (Figs* iX2 d and X20 d)* 
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Th» gocvuRd w«t«r bodies on the other hand Indicate a d i r e c t 
co r re l a t ion with pH in saoBt of the area* (Figs* 85d«99d and 112 d}« 
except in lleemt d i s t r i c t where a negative co r r e l a t i on has been 
ctoamtved 126 d)« The reason may the pxedoainancc ot coarse 
and porous top s o i l i»ith shallow water t ab l e t h a t night have been 
responsible £or the change in pH without a f f e c t i n g the ca lc iun 
c<»icentratlon« 
ph versus aiaanesiumi The p l o t t i n g of pH agains t toa^iesium shows 
a pos i t i ve co r re l a t ion in r a in and major i ty of the sur face water 
sao^ies (Vlgs. 1(10 a»b, 113 a»b and 127 asp3>) except In sui^ace 
waters of i^2ra and Mathura d i s t r i c t s (Figs* 86a and 100a) shoi^ an 
Inverse r e l a t i o n whereas those of Meetut d l a t r l c t (Fig. 127 a ) reveal 
a two f o l d trend* The water sanples co l l ec ted frost the p lacas 
ly ing nearer t o r i v e r ^imana and Indus t r i a l suburbs reveal an 
Inverse ra la t lcmship whereas those t h a t l i e In t he coomsnd area ctf 
Ganges, a pos i t ive c o r r e l a t i o n has been dbserved* The ground 
waters of lulandshahr on the o ther hand* Indica te a pos i t i ve 
correlat ictk between t h e two* 
PW versus sodium t I x c i ^ t in t he surface waters of AgJta d i s t r i c t 
(Fig. 86 b) a pos i t i ve co r r e l a t ion betimen pH and sodlun In va r ious 
water bodies of -he study area has been obsezved (86 h , 100 b« 
113 h and 127 b ) . 
pH versus potasslunoi h p o s i t i v e c o r r e l a t i o n (Fig. 86 c# 100 o 
and 127 c ) between pH and potassium concentrat ion In maiorl ty 
of the r a in waters excepting those In Bulandshahr d i s t r i c t 
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1313 c ) h«s been- obMzvwd* The sur face waters in thm 
dema 9txmmm» of tbm rivmr YASIUIMI* reveal fi» iuverae eorrelAtion 
<rfl0«» ee end lOO c ) but tho«e a i tua ted in i t s upstream 
t l 3 c and 127 e ) show a pos i t i ve co r r e l a t i on between 
the two» Excec?tin9 merut d i s t r i c t (Fig* 127 c), the ground 
waters on an a v e r a ^ r e g i s t e r an inverse reJlationshil^ of 
potassium with the pH (Yigs, 86 e , 100 c and 111 e)« 
pH versus i rg^ t The p l o t t i n g of pH against i ron in a l l the 
two water bodies reveal a pos i t i ve c o r r e l a t i o n in alioost a l l p a r t s 
of the area under study (rigs* 66 d« 100 d^ 111 d and 127 d i , 
eacc^pt in tho r c i a water s e t t l e s of Mathura and Sulandshahr 
d i s t r i c t s * wheref ^ an inverse r e l a t ionsh ip has imen noticed* 
pH versus aan<jjfanesfe i The pH-*i«i p l o t t i n g in toajori ty of water 
sftsiples reveal on inverse r e l a t ionsh ip ( t igs* 67 m, lOUf IIS « 
end 12B «>• The ground waters in Bulandshahr d i s t r i c t and re in 
waters in Meerut d i s t r i c t t o some extent ind ica te • p o s i t i v e 
c o r r e l a t i o n (Vigs* 115 a and 128 a)« 
pH versus chrowiuiat Sxftept f o r ground waters in Bulandshahr 
(rig* l i s b) and sur face waters in Mserut d i s t r i c t ( r i g , 128b}« 
in a l l other p a r t s and water bodies an i w e r s e r e l a t i onsh ip between 
pH and chronica has been observed (rigs* 87 b*101b«llSb 6128b}* 
pH versus aolYbdenu^t The p l o t of pH agains t nolybdenuti in the 
sur face and ground waters in the areas s i t u a t e d in the down 
streaai of the Itemuna r i v e r show an inverse re la t ionship( r igs*87e <6 
101 e ) whereas those in i t s upstreanos indicate a p o s i t i v e eo r r e l a* 
t i o n ( r i g s . l lSo end 128o). The r a i n water saisples on the otheijhand 
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show • p o s i t i v e c o r r s l a t l o n in mil p a r t s o£ tNi mtmm undsr s tudy . 
YflTff^^ copDSri thm m i n n i t j i s ' j s a i ^ l s s in d)^ 
s?irf«c« waters (Fig* 126 A) in Mssrut and ground w«t«r( r ig , iOid} 
in Hsthura d i s t r i c t s * indlceta « p o s i t i v e cor rs la t icu i brntwrnmn pK 
sod Cu vhsreas in a l l o thsr water bodies of the region a negative 
c o r r e l a t i o n has been observed, The water bodies in Buland5hahr# 
however* reveal an e r r a t i c reXatioiship* mmtly towards IMQ 
inverse si<^ (Fig* t i S d)« 
pH versus lead t The p l o t of pH agains t lead a l s o ind ica te an 
e r r a t i c trend* £3a:ept in r a i n water of m t h u r a and sujrfece water 
of Meejcut* d i s t r i c t s * an inverse r e l a t i o n of pB with lead in a l l 
o the r water bodies of the regi<^ has been observed (Figs* 88«* 
102 a* 116 a and 129 a ) . 
PH ve rsus s i n c t In the var ious water bodies of the area under 
stiidy baring those in Mserut d i s t r i c t ( F l g « 129 l># where a p o s i t i v e 
c o r c e l s t i c n between the two ex i s t s )* an inverse c o r r e l a t i o n oC 
s ine with pH on the average has been not iced (Figs* 68b* 116b & 
102 
pM versus aluwiniuwi Xi^spt ing t h e su r f ace water ssnples in 
Heerut d i s t r i c t (Fig . 102 c ) in a l l o the r water bodies of the region 
a negative c o r r e l a t i o n between the two has been <daserved(FigB« t i e 
216 c and 129 c}* 
DH ve r sus cobal t T t a r i n g t he r a i n water in Mathura d i s t r i c t 
(Fig. 102 d> snd su r f ace water saiqple of Bulandshshr and Neerut 
d i s t r i c t s (Fiys . 116 d and 129 d)* a l l o the r water bodies of t h e 
study area r e f l e c t a negative c o r r e l a t i o n between pM and the c o b a l t 
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conccntr&tlon ( f i^s* 6«d« 102 A and 129 d)* 
DH vtmum n ickel i Thft p l o t of pH versus nickel In r a ln^ tu r f ece 
m d gcmnid vai-^rs ot th& vea^ms study jreflfict an 09mx: a l i 
Inverse xmlaticomhip betvreen them (Figs. 89 103a and 130 *)• 
The ra in water In i ^ a n d s h a h r (Fig. 117 a ) and sur face iMtars 
In Heerut d i s t r i c t s t o some extent reveal a p o s i t i v e co r r e l a t ion 
(Fig, 130 a ) . 
i^ H versus strontiumt Except In the water bodies of «cerut d l s t M c t 
(Fig. 130 l>}ancl sur face waters of SuIABdshahr d l s t r l c t ( F l g , 1 1 7 
In a l l other p a r t s ot the «tu<^ area an Inverse r e l a t i o n Jsetween 
pK and strontium I s noticed (Figs. 89b« 103 b 117 b ) . Mserut 
I s s l tvn ted In t he upstr«as>s of the r i v e r Yamuna which I s Cooiparatlvel 
l e s s po l lu t ed . I t s t rengthens a u t h o r ' s cdjseirvatlcns t h a t the 
po l lu t ion of var ious water bodies a l s o r e s u l t s In an iofbalance In 
the chemical equation between the var ious a e t a l s and noo-aeta ls 
and t h e i r physloo«chemical cha rac t e r s . 
P H versus 1 1 t h L U M I Lithium a lso behaves s imi l a r t o s t ront ium. 
2n Mserut d i s t r i c t on the average a pos i t ive c o r r e l a t i o n i s 
d i s e e m i b l e between the two# whereas in niost o ther pa r t s of the 
study area an inverse co r r e l a t i on has been not iced (Figs. 103 e 
and 130 c ) except in the sur face waters of Agra d i s t r i c t (Fig.89 c ) 
and ground waters in Bulandshahr d i s t r i c t (Fig. 117 c ) . 
pM versus t o t a l dissolved so l ids t On an average, the t o t a l 
dissolved so l ids increases withi the increase in pM of r a i n and 
sur face wmtmim^ In ffreund waters on the other hand no p e r f e c t 
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eor r* l« t lon between the two eouid be d«olph»rttd (Figs, 89 d, 
103 d 130 d>* 2o Biil«ndsh«hr ( f i g . 117 d)»hov«v«r, th» 
TD& cotc^nt ra t ion dcNrzusscv in wat«r« but in surf&e« And 
iricrentses 
^ ^ u n d watejn* i t^with the iix:c«ft«tt of pH* 
asLfts ionaHiP vmn mem 
txxm vcraiw iaApeMm»«t>i p l o t oi Iron agains t nwrngtoaMi on 
thft whole ra£I*c ts « p o s i t i v e co r r a l a t i on in almost a l l p a r t s 
o£ t h s region in t h a i r su r face and ground water bodies (rig* 900 
104 c» 119 b end 132 c ) . The r e i n waters in t he sttidy area« 
however, reveal an inverse re la t ionship* 
Iron yersus chrowiumt 0& an average^ the p lo t of Iron aga ins t 
chromium ( r i g s . 90 d« 104 d, 119 a and 132 d)t ind ica te a p o s i t i v e 
c o r r e l a t i o n r e f l e c t i n g t h e i r by the commi»a c«M»es f o r t h e i r inorease . 
Iron versus Ite4i^)denuim Z i^ke the chromiun the p l o t o£ i ron 
agains t nolybdenum« a l so reveal a pos i t i ve r e l a t i o n s h i p between 
the two ( r i g s . 92 a* 118 am^ 134 «)• 
apron versus copper t I t reveals m pos i t ive c o r r e l a t i o n in the 
water bodies o£ t he area in the upstreaiiis of r i v e r Yamuna 
excepting s l i g h t l y an inverse r e l a t i o n in the sur face waters of 
Sulandshahr d i s t r i c t ( r i g s . i20a and 13Id). Mathura and Agr<i d is t r ic t* 
t s the downstreams of the r i v e r IteaMna* r e f l e c t an e r r a t i c 
t r e a d . The sur face and ground waters in Mathura d i s t r i c t and 
sur face water in Agra d i s t r i c t show a p o s i t i v e c o r r e l a t i o n , i ^ r e a s « 
o ther water bodies of t h i s p a r t of the basin indica te an 
inverse r e l a t i on ( r i g s . 91 d and 105 d ) . 
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Jlroii virgim Xnedt Excepting f o r r a i n water bodi«9 a t ttm ttwo aiMS* 
(Maer^t and Agra In wtp and dtMmstraama raapec t iva ly) of Yamuaa 
I 
in tt^m atudy «r«a rwmml a co r r e l a t i on betwam iron «ii<J 
(Figs* 90 a and 132 a)* In the ralddla p a r t of tha basin* 
/ 
hcniNnrer« an inverae r e l a t i o n on the whole has hmn olaaarvad 
(J^iga. 104 a ana I i9 
Iron yaratui a inc t Similarly* s ine a l s o tmih&vm in altaost t h e ' 
floanner aa t h a t of the lead with iron* i t haa an 
raraa r e l a t i on in the middle p a r t of the bas in (Figa« 104 b 
119 o) and poa i t ive a t the north eaa t and south eaa t end* 
the atudy ar«a (Figa* 90 b and 112 b H 
|lron veraua alwoiniiBfn Vhe p l o t of i ron agaioat aluminium reveal 
in e r r a t i o trend* She water aao^iea from c e n t r a l p a r t of the 
i ^ i n t o aa-ne extent reveal a poa i t ive c o r r e l a t i o n (Figa, lOS c f 
i^d 120 e> whereaa a t the extreaie enda (Mi and 8H)* of the atudy 
•Ipea an inverae r e l a t i o n between then haa been < ^ e r v e d 
())iiga» 91 c and 131 e ) . The aurface waters*however* reveal a poa i t ive 
cejrrelat ion in theae a reas alao* 
/ 
2^oo reraua n icke l t Bering the water bodlea in Agra d i a t r i c t * 
t|Le foundry town in the extreine downstreaaia of the r i v e r 
|L«una in the atudy area* a poa i t ive co r r e l a t ion bet%reen i ron 
and nickel haa been observed (Figs* 91 b* 105 b* 120 b <( 131b). ^^^ 
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•ur£««« wat«r« in Agra d i s t r i c t , hciv«fv«r, mhcm « pos l t i v* 
co r r e l a t i on {fig* 91 b ) . 
JUron vwttM coba l t t Unlik* nickelt cobal t ravaals a po8i t i«« 
co r r e l a t i on with i ron io araaa s i t u a t e d in the up8tjre«n»i o£ the 
r i v e r IQununa (tig«« l2oa and I31a)« The areas in i t s down streams 
on the other hand, show alasost a^ inverse r e l a t i o n with iron 
(f iiSP. lOS a and 91 «)• 
miAtimisniP copis^H 
Copper versus Minqaneset The water bodies in Bulandshahr and 
Userut d i s t r i c t s om the average, show « pos i t i ve co r r e l a t i on between 
c<^per and manganese ( f i g s , 12ib and 13Se)« M&tbura and Xgra 
d i s t r i c t s , on the o ther , reveal en inverse co r r e l a t i on in t h e i r 
r a i n and surface waters but a p o s i t i v e co r r e l a t i on i s noticed in 
t h e i r ground water bodies (Figs. 93 c end 108 c)» 
Copper versus chrowiuwi Water bodies excepting Agra d i s t r i c t , 
r e f l e c t a poe i t ive co r r e l a t i on of copper with chromiuii (Figs, 108 d, 
121 c and 13S d)« In Agra d i s t r i c t ! however, a negative r e l a t i o n 
e x i s t s between the two, bar ing the surf see water (Fig* 93 d)« 
I t i s qu i t e l i k e l y that , the loca l s o i l might have absorbed one 
of t he elements during i t s passage in the ground water aqu i f e r , 
r e s u l t i n g in the d<i^letion of one over another . 
Copper versus moAvbdenu^t Areas s i t u a t e d in the i^^streams of the 
Yaiiuna r i v e r show an almost inverse co r re l a t ion of ci|>per with 
El l 
raolybdanum ( f i g s , 12Id aiK^ 138 •)« a s l i g h t l y p o s i t i v e 
c o r r s l s t i o n hea b«c!n obsejtved in th« donn strcaiiui of the r ive r ; 
T^ ^mnm (figs* 94 « and 111 a)* 
Coopar v r s u s Xaadt Vfatar bodies in tho study area on an average 
reveal a p o s i t i v e r e l a t ionsh ip of cqpper with lead (Figs* 93 a , 
lOe 122 d and 135 «)• 
Ccpper versus s ine t Baring 9om mioor* looal deviations^ s ine 
a l s o behaves with cqpper in the sarae manner as tlw lead (Figs, 93 h, 
108 h , 121 a and 135 b>* 
g<»per versos coba l t t Baring the r a i n and sur face waters in 
Sulandshahr d i s t r i c t (figs« 122 in a l l o ther p a r t s of the a t u ^ 
area» a pos i t i ve co r re l a t ion o£ copper with cobal t has beenr not iced 
(Figs* 92 b« 110 b« and 134 b}« The loca l s o i l and environmental 
condi t ions could be the poss ib le causes f o r an inverse r e l a t i o n 
between copper and cobal t in the Bulandshahr d i s t r i c t . 
Cooper versus n icke l t Hickel l i k e cobalt^ a l s o reveal a p o s i t i v e 
co r r e l a t i on with cqpper in p r a c t i c a l l y a l l p a r t s of th« bas in , mxio^t 
t h e ground waters in Nathura* sur face waters in Meerut and r a i n 
waters in Agra d U t r i c t ( f i g s . 92 c^ 110c« 122 b and 134 c ) , 
fODPef versus aluwiniusii t h e r a i n waters bearing Agra d i s t r i c t , 
reveal a pos i t i ve co r r e l a t ion of copper with aluminium* The alurainiwn 
in surface and grwind waters in a l l o thers p laces except Agra d i s t r i c t 
show an inverse r e l a t i o n with copper (figi«92d# 110d# 122c and 134d}. 
The atiiios^)here in Afra cotqparatively reinains i%>re dusty and po l lu t ed 
during the grea te r p a r t of the year due t o the predominance of i ron 
£ouiid|irl«s and o^her jctineral baaed Industr iea which may be the 
poss ib le cause f o r thm ebnorml behaviour o£ alui>iniura with 
copper in the water bodies of t h i s d i s t r i c t * 
jtEiAYioMSHip wrtH 
AluraioitttB versue M^noaiMisei The wt ter bodies in Meerut d i s t r i c t 
reveal, a p o s i t i v e co r r e l a t i on bet%ieen aliuainium and manganese 
(Fig. 136 b)« Exo<i^ting £or r a in iMiters a t a few places^ the 
areas in the cen t ra l end downstreanis of r i v e r iflimuna show an 
ioverae co r r e l a t i on li^tween the tMo 95 b and 109 d>* 
Alutninluaa veraua chromiuaai Plot of ailuiQlniuni aigpinst chrotsium 
reveal an e r r a t i c r e l a t ionsh ip in the a t u ^ a r ea , 'fhe areas in 
the upstreams o£ the r i v e r Itenmna show ne i the r a p e r f e c t l y 
p o s i t i v e nor a negative re la t icmship except in the r a i n waters 
in some p a r t s ot the study area ( f i g s . 109 c , 133 c and 136 o ) . 
tnie areas in the downstreams of the KHsiuna ri«er« reveal a 
pos i t i ve co r r e l a t ion of aluminiwi with chroaium (Figs 95 c}« 
jjAutainiuin versus CTolvbdenuat tfolybienuED unl ike chrc^iun« r e f l e c t s 
a pos i t i ve cor re la t ion with aluminium in Heerut d i s t r i c t in the 
tj^streams of the r i v e r Itemuna (7ig» 136 d)« The c e n t r a l or 
•outh»central pa r t s dE the study area shov a p o s i t i v e c o r r e l a t i o n 
in t h e i r r a i n watearst whereas# no p e r f e c t r e l a t i onsh ip e x i s t s 
between the two in surface and ground waters (.fig* 109 d ) . 
The water bodies in areas doimstreanw of r i v e r Yarauna show an 
over a l l p o s i t i v e co r re l a t ion of alwninium with nolybdenun 
(Vig* 95 d)« 
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J^^!»ipi^« Vttrgm Th« p l o t t i n g of aiumlniuffl agains t laad 
c w e a l s an invera* ra la t lonah ip In araas \;^atraam o£ tha r l v a r 
^smna (Viga* 123 e and 138 d)« bar ing a faw ra in watar aans»la»« 
On tha othar handf araaa in t he downstream o£ tha Ifttinima r i v a r 
ahoir a pos i t i ve co r r a l a t i on t o a g rea te r extant in a l l i t s water 
bodiaa 94 d and 111 
Muminittm varaua «lnc t Baring r s i n waters Bulandshahr and 
sur face waters in Naerut d i s t r i c t s , the other water bodies of 
the study ftrea reveal a p o s i t i v e c o r r e l a t i o n of ftlu.iilniuni with 
s ine (Flga* 123 d and 136 A )• In nsthura d i s t r i c t , however, 
no c l e a r r e l a t ionsh ip between the two could be deciphered (Fig,109 a)» 
Zn hgrtk d i s t r i c t baring the r a i n waters on the o ther hand a 
p<»iltive c o r r e l a t i o n between t h e two ex ia ta (Figs* 95 a ) . 
Aluminium versus nickel t S ^ e p t f o r sane r a in water aan^les in 
Agra d i s t r i c t , a p o s i t i v e co r r e l a t i on between aluminium and n ickel 
has been noticed in a l l the water bodies of the study area (Fig* 94A!», 
111 b , 123 a and 138 « ) • 
Ali|g>inimw versus cobal t t Rain and sur face water bodies in Msthura 
aiKl Meerut and sur face waters in Agra and aurface and ground waters 
in Bulandshahr d i s t r i c t s reveal a poa i t lve co r r e l a t i on between 
cdbal t and alufninlun* f h « r e s t of the water bodies in the study 
area jre£lect an inverse e o r r e l a t i o n . 
moup iuiiATiei»Mi» 
The p lo t of Fe aga ins t Co4lti ( f i g s , 96 c , 106 c , and 137 o ) | 
and Cr-fMn (f lgS, 96 d, 106 d and 137 a ) i Cu against St> 
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( f i g s . 9e 106 a tnd 137 c ) , Cof Hi ( f igs* 96 b* 106 l> and 137 d) 
mteS. 97 «« 107 • snd 139 fs4MQiCr4«o agains t 
(flgo« 97 b, 107 b and 140«)| Ca<*Mg agains t lia <4IC 
(Figs* 97 d, 107 d and 140 d}, and Ca/Mg agains t Na/K ( f i g s . 97 d, 
107 d and 140 d ) , a l l but a fair with sonie loca l exceptions ravaal 
a p o s i t i v e eor ra i f i t ion . I t amY» therafore« b« concludad tha t a l l 
thasa iattaXs/noQ«aMitals hatira baen darivad from tba same aoupca« 
may be na tura l or «rtthrcpogenic ( indxistr ial o r sewage auXXaga). 
mmimM» H»)ROCHEMICAL vrnxmicm 
hM Bttma^t hauK a lso been made t o f i n d cut the seaaionaX 
changes in the inier^reXationahip between the varioua eXe-nenta, 
groi:^s« i f any. For t h a t purpc^e the var ious elements in the 
water bodies of c e n t r a l p a r t of the study area ware choosen 
with the viow thav they may represent an averaga p i c t u r e of the 
hydrochemicaX behaviour o£ var ious eXe.t)enta/gro\;9a with season 
in these water bodies* 
pH versus ch lo f ide i The p lo t of pH agains t chXoride • raveaX 
yearly f l uc tua t i on in the r e l a t ionsh ip of pH with chlor ide in 
aXraost aXX the water bodies . During 1976«>77» i t increases t o sons 
extent with pH but in 197%, a B<xm what inverse r e l a t ionsh ip 
betwean the two has been observed ( f i g . 141). 
yH versus totaX dissoXved soXidsi SioiiXarXy the totaX dissoXved 
s o l i d s increase with pH during 1976-77 but in 1978, no d e f i n i t e 
reXationship couXd ba deciphered between them (f ig* 142 )• 
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jpM yer»UjB C« • • •» Kt Th« rmin w»t«ra ot thm study 
r«£l«et « poa i tM* co£-z«I«tion o£ pH v l t h during th« 
threa y««r pwriod (1976^78), Surface «nd ground water«« on th« 
o the r hand lewrmml no d«£lnit« co r r« la t ton beMt tn th«in(Fig.i49 )• 
^Morlde vmjCMxx* t p t a i d i a g o l v d goXidaa Zn r a in w«t«r» during 
191 Mlt a p o s i t i v e correXatlon b«tMi«n ch lor ldc and t o t a l di«solv«d 
sol Ida has been not iced whloh become in<rerse during 1978• The 
sur face and ground %raters In general in»Sicate an inverse oo r re l a t i cn 
{Fig. 144). 
Sulphfite versus t o t a l dissolved s o l i d s t The sur face nmXmtB o£ the 
study area during a l l the th ree ytmxm (t976«>78)« reveal a p<^i t ive 
co r r e l a t ion between sulphate and ra in and ground 
iraters on the other hand do not Indicate any d e f i n i t e co r r e l a t i on 
<rig» 14S). 
Total dissolved s o l i d s versus t o t a l hardness(CafWa;i Plot of 
agains t t o t a l hardness ravea ls a pcNiitive co r r e l a t i on in r a in t»«ters 
during 1976 and 78, whereas^ in ground waters a p o s i t i v e c o r r e l a t i o n 
hae been obsenred during a l l the th ree years* The r a in waters 
ind ica te a negative co r re l a t ion in 1977 but the sur face waters 
reveal aloiost an inverse cor re la t ionsh lp from 1976 t o 78 (rig»14«)» 
Total dissolved so l id s versue jOke l i s t Rain waters «n an average 
r e f l e c t a pos i t i ve cor re la t ion between T.a^.s* and t o t a l a lHal ie 
in a l l the th ree years* The sur face and ground waters although 
do not show any c l e a r cu t r e l a t i o n but on the whole i t i s towards 
a p o s i t i v e s ide (Vig* 147 K 
216 
vmrau9 Mn^CrfMoi l^hm p l o t of Fm aga ins t Mn^r4Mo In r a i n 
during 1976 and 77, sur fac* during 1976 and 79, wad groiiiid ^mtmra 
In i977, indicate an invaraa corzr^Xation* Rain in ],97S« aorfaoe 
in 1977 and ground watara in 1976 and 78 on tha other hand a h ^ 
a p o s i t i v e corrcXation b&tw««n tha two (Fig* 148 )• 
f f r r o u a varaua yon«*fargDug iactalat Surface frona 1976 t o 78 and 
gBound watara from 1976 t o 77, on an avarega 9ho¥ a poa i t iva 
co r r e l a t i on batumen fe r rous and non ferroua nietala* ^he r a i n 
and ground watara in 1978« however, do not reveal any d e f i n i t e 
co r re l a t ion (Fig* 149) bmtwmn thera* 
Cu vefiyua Bb^nHfCo4tlii TJmi p l o t of c<^pttr againat a l l other non 
fe r rous cactala indixtate a poa i t iva co r r e l a t ion In sur face ( a l l 
the th ree years) and ground vmtetm (1976 and 78)• f h e r a i n Mttera 
except in 1977 and ground waters in 1977 ahow an inverse 
c o r r e l a t i c n between then (Fig* tSO}« 
The above p l o t t he re fo re ind ica te t h a t the water bodies 
went on changing in both t h e i r physical and cYMmical charac te rs 
t o 
due^aurfeee a c t i v i t i e s and season* The e a r l i e r be l ie f t h a t 
q u a l i t a t i v e chenges in var ious water bodies and espec ia l ly in 
ground waters ia a very slow process i s not tenable in the 
l i g h t ot the present study* 
ccacLuaiOK 
The qua l i ty of ground water i s the r e s u l t a n t of a l l 
proceases and reac t ions t h a t h«ve acted on the water from t h e 
moment i t condensed in the atmoaphere t o the t i n e i t i s discharged 
by a well or a apring* The t i « e afMin my range f r o n l e s a then 
217 
• d«y t o noM than f i f t y theu««nd y « « n iBwtmr, I i78)« 
of gmunA vmtmr q u a l i t y mmf t«k« fxoM plmm 
o r tfirf^A* ( i a t w M i i y facmid f i o l d s ) o r by p e l a t 
•ottsoo* («uch Aswpt io t«iik«» IHnbftgo altos^ emim^tmieimB^ 
niiiA mpoilm, o i l s p i U * i»dtit«tri«i Wkatmm o t e )* mmmemt 
of Qxoima wKtwr in 59t«i«c«i i « t iow cntf hmcm mmy 
may olapMi « f t « r t h e « t « f t of poUut ioa b o f o r t t h t 
f 
af£«et«d wAtor stiOMS yp in • uoU* Biit t h s «««« iindor s tudy 
which ao«» not i i o irory f « r of f from tho HisR«]i«y«ii fo&t hi3ll« 
i s mostly oovorsd with eo«r«o Mnd« if i t l i ooc«sioii*l s i l t and 
g r a ^ l t h^ lXvLtmtm leaob t b s shaXlotr m t o r 
oquiforv fa«t» 
Tbo p ^ s o i i t stt jdy ohoirs t h a t t h e «r«t*r boiliiis in t h * mm% 
in • s t « t « of eentiiMious eh«no«« bo th in t h o i r pbysicfti 
€ti«C40t«iw olii«tie«l ooaposi t ioa* thm p l o t of iraricmo olwioiits 
m d g m p s o s i n s t o tho r gxoup sad in SOIM C A M S iM«l>«r» of t ho 
•Miio 9«otip mham yoar ly o i ^ i f i c a n t chwiQts in t b s i r tiytfxo^hMsloiA 
boh«viotir« 
p l o t of pH sQftlast bieufbonaitof ehlorido^ mvlphmtm, 
a i t r« to« boioi}« f loo r ido , cslcitatu ii«9iosiiiii« sodiun w d pet«««iy» 
r«v««l • pos i t i vo corcols t iem in nany pac ts of ttui study acaa* At 
•OHO p laess in tha domstirsaies of t ha r i v a r Yantma* which i s s»z» 
pollutad* an a r r a t i e t r and has baan n o t i e a d . Many of t ha n a t a l s 
l i k a iron* iiano*nasa» etiresdmi, aol^^bdaniai^ emppmt, laad, s ine , 
ttltminiusu n i e k a l ^ ^ b a l t . l i t h i u n and a t ron t imi , show bo th invarsa a t 
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otm plftOR and ^ o s i t i v * corzwlat ion « t «aaiOtlMir ixaixsmtm m 
u p M t t i n 9 in t h t i r hoxiba}. hyds^ochimiffiftX h^imvixmtw aimllmt 
bf|lvnriour hmM a l s o b««n iiotie«4 l a th» p l o t s of vsrioiui ^coups 
oC SMitsls to i j s tha r snd mrm tri«h e t tmr 9«oiips« 
Tlie p l o t t i n g of va r ious elsments wi th pH, T«D«3 »# o thsv 
mXmemxtBt Qrotips sx»S tr i tMn t h s mmm pcoup tosssd im t h s 
ebsmicsl s t i s lys i s f o r t h m s jfaam conseeiitiviBly a l s o 
« f l u e t u s t i a g txsad* Tlis • I w w n t s , 9SOups shoir a p o s i t i v a 
eormlatica!! in <m9 yaar in a l l the imta r l»o4ifiMS/ona watar body« 
Xttvoal an an t ixa ly a a t i p a t h s t i c xa la t ion naaet yoar ( F i ^ , 14l<»lS0)« 
I t i n d i c a t e s t h a t tim watar bodias wartt on changjUiQ bo th in t h a i r 
l ^ y a i c a l «a wall ehan ica l bahaviour dita t o t h a addi t ion or* s«S>«trao«-
tigm^ and oc absoirption of tha va r ious p o l l u t a n t s and hanca no f ixad 
tisMi l i in i ta f o r tha ehanga in t h a i r ehan iea l aqixillbriniii could ba 
aaaignad in a p o l l u t i n g anviconmant aa eoaipaiwd t o tbosa vhmxm t h a 
addi t ion o r subs t r se t ion i s va ry alow* 
Tha jAworiMility i s nora proninant in t h a i r yaar ly bahaviour . 
Tha isatala which mm coharant t o ooa anothar# bahava in a d i s s i m i l a r 
mannar* I t i s mom so in a raas whara tha watar bod ias ara siors 
po l lu tad dua t o indiginous o r aiktranaous soureas* Xt i s tharafora* 
sugoastad t h a t f i r s t t h a K»lt]ibility of many of m a t a l l i c and ncn« 
m t a l l i e ions ineraasas in tha prasanca of t t h a r s and sacendly tha 
tamparatura of the i n d u a t r i a l a f f luwfi t s , su l l aga and l oca l e l ima t io 
v a r i a t i o n s awy a lao ba xasponsibla f o r t h i s abnoneal phys ica l md 
hyirechamieal bahaviour of nany of tha matals/aoB<HBatals in 
2X9 
tho«« mmMBm Ttm study a l so vmmtklm t hu t ttm q s l i t s t i i m 
chsngss svs a lso s f f s e t v d by th© physical and cb«nic«l cesnditlons 
of soils* to{x»9r«phy sud iTAtir of s f f l t i s n t s disehsjeip • to* 
l^cooBBon hollmt t h a t tlie (juA^i^^^^vo e h m ^ B in 9iat«r i s • 
/ 
pioceas i s not tonabXs in • f i s t posous snd ps i s«sb is 
eoimtry w^oro ttMi tbickaoss of ttis s q u i f s r rock i s c o n s i d s i ^ l y I 
aiBd impsmssbXs s o i l cov»r is> vs ry th in* 2n such s r s s s 
osut ion must he t& m whilm discharging tYi« o f f i u s n t s 
(IparticuXarly so whore n f t jo r i ty of i t s popoist ion drsirs i t s v s t s r 
frcxm th^ sh<iXlcw w^tar j^qpiisrs f o r t h s i r don^st ie uso* I t 
( 
would thsz»fore» tm sdvia ib lo t h a t tha offl ixsti ts f i r s t bo 
t r ea tod and than thoy should bo ooXlsotod in l inod IsQoons 
f o r ovupont imi and s« t t l «»sn t of aisny of t h s pol l i i t ioa pairticiili 
tos bofo ro t tosir d i sposa l t o t h s surfao* wator isoursos in th* 
latqUmrn 
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M«xmiiig t h r a a t t o the enviramaent and i t s l i f e pir^mieving 
eeologlc itystsm 1« • d i s ec t cons«q^Dee t o th» charac t t t r ia t io 
« c t l 7 i t l « « of mam p lac ing loista materiaia^ p a r t i a l l y uaad na tura l 
xaaoiurcea and othar bya^prodiacta i n t o the envirooment* Htaaafi 
a c t i v i t i e s through the coat>tuitiaii o£ f o s s i l f u a l s as %rall as other 
anthropogenic amniasiona h&va oemsidarably a l t a r a d the na tura l 
geoehemical cycle toy introducing severa l elements i n t o the atmosphere 
and suaMiequently i n t o the t e r r e s t r i a l and aquat ic en\riroQo»nts a t 
r a t e comparable t o those o£ na tu ra l f o r c e s . MBiJor or minor amounts 
or even t r ace s of metals en te r i n t o the s o i l and water during 
prolonged weathering of these rocks and are p a r t l y absoctied by the 
p lan t t h a t grow in the arear • The animals including man i s a l s o 
not spared from the i l l e f f e c t s of these t r a c e elements becaase 
809( oC the Indian pepulat ion talcea water without any f i l t r a t i o n 
or water t reatment . The present study* therefore* has been 
undertaken with a view t o determine the chemical qua l i t y of ra in^ , 
sur face and ground water with spec ia l re fe rence t o tlm tmmvy metal 
contents in them and poss ib le sources f o r t h e i r enrichment in 
these water bodies* and a l so t o suggest t h e i r proper u t i l i s a t i o n 
and renmdial msasures* wherever possible* 
225 
TiMi patmr coii«c!t«a from p£«fer«toXy th* f Sr«t 
p r e c i p i t a t i o n * shallow tubt«4i»ll« ana open cana l s , ponds 
and r i v a r s in tha c s n t r a i Oftnga*lfiimuna r i v a r bas in ravaa l a 
s i g n i f i c a n t incraasa i n t h e haavy imtaX con tan t s of tha t ha sa 
im ta r bodlias ovar a thsaa«>yaar pariod* h d a t a i l a d account of 
tha coRcantrat ion t r ands of tt» d i f f a r a n t taetals i n tha d i f f a r a n t 
water bodies i s givan as fo i l ows t 
proot Iron i s Icnoim t o ba v ida iy d i s t r i b u t e d i n t h e aa r th*s 
criast and t h e coranon mineral groups i n vhich i ron occurs a r e 
pyro}canas# aii|>hibol.es# b i o t i t a , magiuitita and o i i v i n a , Amongst 
t he sediiaantary rocks* p y r i t a i s a cmsam sulphide of ircm whereas 
farric^<K3acldea mtiA hydroxides a r e i n^o r t an t i ron bear ing minera l s . 
The cofODKm forni i ron i n ground water i s tha Bolv3t>lm f e r r o u s 
ion* Fa* On aaq;>oaura t o air« Fe i s oaeidised t o Fa (Fer r ic a t a t a )* 
which being inaolUble in water* p r e c i p i t a t e s as f e r r i c hydroacida 
causing a broun d i sco lo ra t ion of water* Bac te r i a l a c t i v i t y can 
increase or decrease i ron concent ra t ions i n ground waters . P r i a s r i l y 
f o r reascms c^ t a s t e and t o a r o i d a t a i n i n g c^ p lmis ing f i x t u r e s 
and laundered clothes* the reccminsnded l i m i t of i ron concent ra t ion 
f o r d r m i a n g water i s 0*3 ms/t (w*H*o* 1971). 
Rain water sanplas c o l l e c t e d from var ious p a r t s of tha 
c e n t r a l Ganga»Ya«una basin n v a a l an increase i n t he i ron concent ra t ion 
o r e r the t h r e e year per iod (1976 t o 78) from 33*70 ppb t o 57*0 ppb 
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(4a«44 pphh t o ^ a t ws^ p ^ u t u € pp^ ^ is*?^ w ^ 
(13*36 3*70 ppb t o 5*$6 ppb end 66.60 fsjib t o 
69«76 ppad {6S.40 ppto) in Agxm* %ttitir«« Mi^ftrli* BuXandstuih]: and 
Mnni t d i s t r i c t s thjam wmrag^ c£ th« 
basin* hemivms comm t o ppb <Tabl««d(iCX2)« n te ru t <65.40 
Vig. MKthura <S3«dO ppb# F ig . iSa) and l^r«<42.44 pi^* f i g . i S l ) 
contain mam i ron th«n thu Average of the bnvio OS.d9 p!pb)# 
«rb»x«ftA ja iga rh (i3*36 F ig . IS3) luid Buiandshtttir U*94 s ^ 
F ig . i54) contain l eas iron tiiian the baain avarage. thm mininmm 
irtm coiK:antration in ra in watara ia« hmimmxt iraporfcad from 
Ani^ahabr (0.@4 ppb« Tabia-XXXSX) on the bank ttm Qmngmm xirex 
in Bulandahahr d i a t r i c t and tha majcimum a t iRax^pur (115.7 ppb« 
Tabla-xxxjc) naar miasiabad indiaatrial aa ta ta in mrnm^t d i a t r i c t . 
An inesaaaa in concantimtion e£ iron in tha aurfaca 
watar bodiaa haa a lao baan notioad in a l l tha d i a t r i c t a of tha 
acaa« tindar •tuOy, axeapt in j4tart]t« wtaara « a l i gh t f a l l in i ron 
eoncantration f r o n 43.0 pp« t o 35.0 ppm (TablawCCXZ) during 1978 
haa baan notiead which bringa tha thraa yaa r ' a avaraga of tha 
d i s t r i c t t>o 36*8 ppa (Tabla^occxx)* Xn othar par ta namaly* Agra* 
Nithitra* Aligarh and Bulandahahr d i a t r i c t a* a gradual incraaM 
f ron 1976 t o 78 in tha eoncantration of i ron in tha aurfaca watara 
haa baan notiead froai 40.10 ppa t o 71.0 ppa (59.56 pp«ii)# 106.35 ppia 
t o 119*78 ppn (110.19 ppn)* 30.45 ppa t o 39.9 ppa (35.41 ppa) and 
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ssmb t o ppm C4S*89 ppot) mvi^gts 
dthresm ye«r*«) ir<»i concontrat ioi i i » aurfaee «nit«ra o£ ttm 
tnjtmm s t u ^ corns to 57* $7 ppm Agra <S9»S#* 
ppttt F ig* iSS) mxk& ltethur« ( i i0«19 ppm« Fig* i S l ) thtt only 
ax»trict» whleh con ta in mosm i r o n than the average o£ area oS 
M i g a r h <3S*41 ppm, f i g * iS3)# Buiandshahr Us»89 
PSMU Fig* 194) and Maerut (36«0 Fig« is$} con ta in l e a s i r o n 
m t h a i r au r face m t e r bodias« f ^ lainiraum i ron oonoentrsti<m 
i n a u f f a e a water bodiaa vaa howaver recoraea a t Wich imtgar l i 
(6*S ppm« »a«r tlta l^ank oif t h e gangaa i n ^ t a r u t d i s t r i c t 
t h a aaxitaum i n the Yaiaima r i v e r «wtara« e a s t c^ ifaw Okhia 
i n d u a t r i a i townahip (298* S6 ppm< i n BuianOahahr d i s t r i c t • 
With tha graduai incraaaa o£ i ron i n r a i n end su r f ace 
water bodies* t h e ground water bodids i n t h e reg ion do no t reraain 
unaf fec ted* The chemical coov^oeition of t h e ground waters shows 
an increase i n the i r o n content from 22.70 ppai t o 36.0 ppm 
(28.8 ppm>, 60.25 ppm t o 210.38 ppm < 97*97 25.87 ppm t o 
34.0 ppm (28.64 ppm), 17.89 ppm t o 27.77 ppm (22.20 ppm) and 30.20 
ppss t o 35.35 ppm (33.25 ppm> in Agra, Huthura, Aligarh , Bulandsh4hr 
and Hierut d i s t r i c t s r e spec t i ve ly , o re r t h e t h r e e * year per iod 
(1976*78). ^tm average i ron concent ra t ion i n t h e ground waters 
of t h i s region coiias t o 42.17 ppm, * a b l e . j a : i l ) . m t h u r a (97.97^pai) 
ia the cmly d i s t r i c t of t h e bas in i n which t h e iircn concent ra t ion 
in ground waters i s aore tlwn t h e anreraga of t h e e n t i r e a rea o< 
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• t u d r ttie €3ith03iammly, Mtsryt (33,25 Agr« 
/ I 
(3e«80 ppm), Al igsrh (28.64 pim) Bul«»dsh«hr (32*20 ppm) 
conta in iiroo than thtt b M i n Ttm ImuBt cotXHietratioii 
of irm in t he ground mtmrm, homwrnr, foand « t tlich«giioi) 
(2*86, Tabi««xi>l3C) mmt thm r p m r Qiii9»« in Biaaiid«h*hr d i s t r i c t 
thm mmimim « t Hau^hii ( t86,S ppm, Table^XUfXI) nMir t h * 
YtmtiiHi bftidc in Mithura d i s t r i c t * F igurM i S i t o iS5 slicnf t h s 
aiaimum and mucimum f r o n 1976 t o 1978 with t h a yaa r iy avaragas 
o£ i ron i n the va r ious watar bodias in d i f f a r a n t p a r t s of t h a a r s a 
iindar stud^* 
iftilUqtHff« Zt i s t he second oiost abtmdant laatai i n na tura ool^r 
a f t a r i r o n . Aisongst ^:gnaous rocKs^bio t i ta aed hombianda a r a 
sotaa of the iiqportent oanganasa conta in ing mina ra l s . Huiganssa 
oxidas and hydroMidas a ra coismon s<^>rca« of nangansse in o thar 
rocks and s o i l s * 
Tha chan i s t ry of m rasaoibXas t h a t of iTOth ion ic 
spac ias p s a f a r r i n g ^akar ttooors such as phosphata and eacbooeyiata 
grc«4»ings t o form s t a b i a bonds* Tha Minaralogy of t i oxidas 
i s axtjpafflaiy trariad and o f t a n taxononical iy confus ing ( J a f f r i a s 
and StusNi* 1976 )• Oi<xranoli ^"1969) prasantad a aioxtt sia«)lilfiad 
schaiMi f o r polynorphism in t ha aangansaa d iox ida . Among t ha 
morm l i i^ortant m (Xv; spac ias ^ -itiO^* two d i f f a r a n t f o m s 
h«ra baan found t o a x i s t t (a) mnganasa ( I I I ) manganata (IV) 
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Hoi^  5H|0 and (b) SoAivnMB«agaiie»s (IXZ) ( ^ f 
n«4 ft) 9 ttjO# »iO m BpmciMB CQII»i«t« of taixzmmm 
of m (ZZ) ana ( iv) or iti (zzz)« Bridcer (i96S} h«s aaacrilMid 
the path oif ivaot ions beti#M»i thase OKidaa. 
Muiganaaa io»a ao ta r the aquat ic airetani tram both ^ o u n d 
ana surfaca i ia tara . 2n Qtround va t a r thaaa iona ^na i r a i l y occur 
in raduead midatiOKi a ta ta* i n the torn of mmgsmmm <zz). HoMever 
in the presence of diasolvad eocygen i n mtmv m*g* %rhare gr^md 
Haters are discharged t o the aurface throu0) springs^ the ftitZZ) 
in the neu t ra l or iNiaJay a lka l ine pM range i s oicidiaed t o inaoiia>le 
»feiO * Stmm and Morgan (i970> reported t h a t the oxidation o£ 
m ( t i ) i s au toca ta iy t i c and rnmr be represented as follcws« ( reac t icns 
a r e not baXanced v i t h reapeet t o water and protons 
#«i<ZZ) • % ©2 ^ ^ ^ MAO. ( , ) 
Fas t * 
m (ZZ) •»i03(a) Ma <ZZ) ltiO^(s} 
iti (ZZ) itoOjCa) • la Oj slow j i t iOj( , ) 
Morgan (1967) on the o ther hand reported t h a t the ooUdation 
of winganesa (ZZ) by diasolved aol ida y i e l d a a to i ch i cna t r i c r a t i o 
}>ut only under h i ^ l y allcaline cottditions« whereas* oxidation 
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under oth»r conditiona Im^ to ccHMidsrvbIc iA>socptic» o£ 
manganese (IX) from so lu t ion {Ute, 1975). 
Dun t o the rap id intttrchaingpfta&iJlity of o»in^iitts« in 
b io logic mymtmmB0 thm s p a e i f i c biochemical ro l e o£ mangastem has 
prov'Od e lus ive f o r many years* I t iraa knoim t h a t tnany enssyraas 
ara ac t iva tad by nangacase i a v i t r o * Uadarwood (1971) pointed out 
t h a t oanganvMi helps in the u t i l i s a t i o n of glucose* Hbximum 
eoDcectration of aiangftnesa f o r pi:^lic ««ater SMpplies i s s e t a t 
O.OS n g / l (W.H*0*« 197d)* 
The chemical analys is of p re fe rab ly f i r s t r a i n imters from 
1976 t o 1978 reveal an increase in the coiwentrat ion of inangai^se 
daring 1976 and 1978 but a i l i g h t f a l l during 1977 has been 
not iced, imich i s a l s o r e f l e c t e d by a f a l l i n i n d u s t r i a l and 
a g r i c u l t u r a l production r e s u l t i n g in l i t t l e discharge of t h e i r 
Waste products , in Agra« ^fethura and r^iferut d i s t r i c t s a f a l l 
from 5*37 ppb t o S*0 ps^, 7*61 pgh t o S»89 and 7*80 ppb t o 
7*76 ppb respect ive ly during 1977 has been no t iced . Xt f u r t h e r 
r i s e s t o 7,25 ppb* 6.26 we>h and 10. SS ppb (Table«XCZZZ> respec t ive ly 
during 1978 bringing the th ree year average concentrat ion of 
manganese in r a in i«aters in these d i s t r i c t s t o 5*87 pglbt 6*57 ppb 
and 8*66 ppb (Table-XCZZX) re spec t ive ly . Zn Miga rh and Bu la i^hah r 
d i s t r i c t s on the other hand a s l i g h t increase in thm nanganese 
ccmcentration from 0*49 ppb t o 1*33 ppb <0*89 ppb> a i ^ 0*61 ppb 
t o 0.77 ppb (0*68 ppb« Table«^CZZZ) respect ive ly has been observed. 
The average stanganese concentrat ion in r a in waters of the bas in 
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comn to 4* S3 which ia h igher than t h a t of Aligarh 
(0,89 ppb) and 8u3lana«hahr (0,68 ppb) d i» tx lc t»« Agra (5,87 pgh) 
Mithura <6*S7 and Msarut {6.64 ppb) d i s t r i c t s conta in 
mors aangtitnes« in t h a i r r a i n t ratars than t h e bas in avaraga* 
Tha minimum loanganaea c(»>centration i s howavar, found a t 
Chandaua and ^ i r <o, i ppb, Tabio -xxxvi i i ) in Aligarh d i s t r i c t 
and oiaxiBiuBQ a t hcml (19*25 ppb« Table««ooooc)« an i n d u s t r i a l toimship 
naar the Qhion T a r r i t o r y of Delhi , in ^tearut d i s t r i c t , 
7ho sux^ace waters c^ the area under stU43^ a l s o reveal 
an increase i n manganese concentra t ion from 1976 t o 1978, except 
during 1977, i n Bulandshahr d i s t r i c t , where a s l i g h t f a l l . in 
manganese ccsieentrat ion froi:^ 3 .eg ppm t o $4 ppm, (Table*^IX} 
dur ing 1977 has been no t i ced . I t , f u r t h e r r i s e s t o 2*88 ppm i n 
19*^ and br ing the t h r ee y e a m ' average manganese concentra t ion 
i n Bulandshahr d i s t r i c t t o 3*07 ppn. 3n Agra, Mithura, Aligarh 
and % e r u t d i s t r i c t s , hcsiever, an increase in manganese concent ra t ion 
from 3*12 ppat t o 4.13 ppn (3.72 ppoi), 2«18 pfsa t o 3»09 ppm 
(2*57 ppai), 2.66 ppm t o 4«S0 ppm (3«9t ppm) and ppm t o 
4*0 ppm (3.27 ppm, Table«4CCZXZ) r e spec t i ve ly , f r e e 1976 t o 76 
has been recorded. The th ree yeara* average mangamse concent ra t ion 
in su r f ace waters cones t o 3•21 p{»i) <Table<«^ZZX)» The aiifiimum 
oanganese ccNocentration aa the o the r hand i s found a t &iyana, 
near the r i v e r Ganges (0,22 ppn. Table « KhVf) i n Bulandshahr 
d i s t r i c t and amxinum a t Chhaprauli (7,86 ppm, T»bl«-0CL2V) south 
west of (%hla I n d u s t r i a l Eata te near the Yamuna bank, a l s o in 
Bulandshahr d i s t r i c t * Agra (3*72 ppm), Aligarh (3 .44 ppm) and 
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MMrut (3i(37 i^in) coota in higher latngnmM cone«ntrtttioti thao 
the hAMinI w r & g B (3*2t ppm* %thurft 
(2.57 ppfb) and Bulaoaah«hr U.Ot than mms^ge 
mngBLmim eoncentra t ion in the basin* 
Th« QTouna watars a l s o show an iocrcaaing t n ind 
ra 
r 
i n t l ^ oianganasa c<»cieentc«tion* Xn &g d i a t r i e t i t va r i aa trm 
/ A ^ 
p i ^ t o i»64 ppm with thrme yeara&7 aiveraoe ppn and 
/ i e ; i n / lne r t i t d i s t r i c t * 1*86 ppm t o 3.49 ppm with 3 p p a i aa the 
ge but in Mathura and BuXandshahr d i a t r l c t a i t f i r s t r i s e s f 
ppm t o 3 .01 and 0»79 ppra t o ppm (Table-OCClZX) 
i w s p ^ t i v e l y from 1976 t o 1977. 2o 1978* hoiifeiirer, f i m m i s a 
s l i g h t f a l l * (2»9 ppm and l«OS ppm respec t ive ly ) b r ing ing the 
t h ^ m average concentra t ion in ground m t e r s t o 2.63 ppm 
0«98 ppm (Table«<XCXXX) respec t ive ly^ in Aligarh d i s t r i c t * 
xm o ther hand, a s l i g h t f e l l from 1*12 ppni t o 0*65 ppm in 
1977 has been recorded which r i s e s t o 1,07 ppm r e s u l t i n g in 
the t h r e e years* t1976*76) average t o 1«01 ppm. The t h r ee years* 
average laanganese concentraticm in ground imters of t he a rea 
under study* however* comas t o 1*65 ppoa (Table<-xcixx). Mathura 
(2.63 ppm) and Hierut (2.4S ppa) d i s t r i c t s have more manganese 
content in ground waters i n t h i s region^whereas^ Agra (1.22 ppn)^ 
M i g a r h (1.01 ppa) and Bulandshahr (0.98 ppm) conta in l e s s e r 
nanganese than the bas in average. The minimura manganese concentiitttion 
in ground waters i s however recorded a t jmgmte (0.04* Table«xxA/3;)^ 
the western nost p a r t of Agra d i s t r i c t and tmximm a t Ghasiabad 
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Zodustr iel Es ta te <6*74 ppm* in Maerut d i s t r i c t * 
Tm "V^iation in mininmra and inucimi^ Mn content with th« ov^z-ag* I 
/ 
in v t f r i o ^ pa r t s o£ the araa i s shoum in Figs* i56 • i60« 
C ^ r ^ u a i ^hft cosxBon na tura l eources of chromiaM > aay b« 
I g r a n i t i c rocks ( Cr 22 jptpai)* sbal«s (90 ppm), ds«p sea c lays 
J (90 ppm)^ s«ndston«s (3$ ppm> and caxt>omttt rocks ( 11 1969^ 
Chromium content incr«as«s i«ith t h e t r a n s i t i o n from g ran i t e t o / 
ilialc* Tha anthrofH^genic sources of chromium toay ise the s i iotas 
Wastes irom chemical i ndus t r i e s , metal platings^ i i ^ u s t r i a l 
dyes* ink, sewage s l ^ 8 « and en^yias detergeiots* e t c . 7he 
pjt incipal aquous icmic for.ns of chromium incluufte Cr (Cr IXX># 
I 
crOg (Cr VI) Chromate and Cr . CU (Cr dichro«iate, AS regards 
ti 
by of chromium* i t i s l e a s t tox ic amon^t the t r a ce lostals. 
The manmaliam body can t o l e r a t e 100 • 200 tiraes i t s t o t a l Jsody 
content of Cr without hanaful e f f e c t s . Chromium (Vl) compounds 
a r e 100 tinnes more tox ic then Ct*(lll) s a l t s * 7he stomach a c i d i t y 
leads t o reduction of Cr (vz) t o Cr(ZZZ) of which g a s t r o i n t e s t i n a l 
abs<M:ptioo i s l e s s than 
Mith the increase of i n d u s t r i a l i z a t i o n followed by 
urbanisat ion resu l ted in more d isposal of wastes and more at^M^pheric 
pol lut ioQ which i s manifested by an increase ia t he heavy laetal 
and other ionic concentrat ion in r a i n waters of Agra (Fig. l « l ) , 
m t h u r a (Fig. 162)« Aligarh (Fig» 163) and Msc^rut (Fig. 155) - f r a ^ 
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2.S7 ppb t o S»IO ppb (3«38 a ,45 ppb t o 4«0ft ppb (3.20 ppb)« 
0.33 ppb t o 0.42 ppb <0«36 ppb) and 3.93 ppb t o 4.98 ppb (4*35 ppb« 
m p e c t i v A l y . d i s t r i c t (Vig. 164), 
i t t X m t m t » » betwtten 0,34 pph and 0*32 ppb (0.33 ppb). Th« 
«v«]ra9ti chromiwo concentcation in r a i n waters of the area oE 
study cofqea t o 2.37 ppb. Aligarh (0.36 ppb) and Dulandshahr 
(0.33 ppb) a re the cmly d i s t r i c t s which etwtaiii much l e s s chranium 
in r a in waters than the average ccmcantration o£ chromiuio fc^and 
in t h i s pe r t ot Ganga-Viannma bas in . I^ha minimum chroraiien 
concentrat ion in ra in waters i s however recorded a t Bulandshahr 
(0.30 ppb« Orable<«ocxxi:x) and aaaximum a t Bict^ur i (8.41 
Table-ococvx) near Agra Foundary Nagar in Agra d i s t r i c t . 
In sur face water bodies a l s o an increase in chromium content 
has been recorded in aljsaost alX p a r t s o£ the c e n t r a l <^ga*Yaniuna 
bas in . I t increases f r o n 1.16 ppm t o 1.S3 ppm (1.33 pp:ii), 0.53 ppm 
t o 0.75 ppn (0.63 pim), 0.9^ pp» t o 2.05 ppa (i«9S ppm)* 0.37 ppm 
t o 0.92 ppm (0.97 ppm) and i .55 ppm t o S«99 ppm (1.83 pp«« Table* 
XCiy) in Agra» M&thura, JU.igarh« Bulandshahr and Meerut d i s t r i c t s 
r e spec t ive ly . The average chroraiua content in sur face %niters of 
the bas in comes t o 1.26 ppm and the tainicnum a t Siyana (0.10 ppn, 
Table<OCl<lV)» in eas te rn pa r t of Bulandshahr d i s t r i c t whereas 
naxinum of Cr i s recorded, in Aligarh (3.85 ppm, Table<^lZZ) 
town i t s e l f . 
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Simlldrly^ t he chrofnium content;^ o£ ^ o u n d lira t e n ii3cir«estt 
i n Agra and ftothura from 0«3,2 ppnj t o 0*30 ppm (0«ie ppm ) ana 0»42 
t o 0*66 ppm (O.Sl i^m) r e sp t c t i ve ly* 2ti ftlitjairh and Buiandabahr 
d i a t r i c t a on the otfrnr hand a aXight faXi fxrcm 0*38 ppni t o 0 .23 pm 
and 0»27 ppm t o 0.20 ppm cespac t lva iy from 1976 t o 1977 was 
recordad. i t r i a e a t o 0,28 pp« and 0.36 ppm during X970 whicb 
b r ings t he th ree year average chromium concent ra t ion i n tNsaa 
d i s t r i c t o t o 0»29 ppm end 0 .27 ppn (Table-XCiV) respectiveXy. 
Me^rut d i a t r i c t on the o ther liaod records an increase in the 
average chromium content in ^ o u « d va te ra from 0»80 ppm t o 0 , 
in ig70 %fith t h r ee yaara* average t o 0,83 pptn (Tabla«-xciv)«, 
aaiiaimwa chrcntiiutii content# h e a v e r * i s recorded a t l^^dha. 
(0.06 ppm* tQhX€'-XhVXlI) in i^ligarh d i a t r i c t and oiaximwn a t Xioni 
( I .S4 ppa, 'Table-tlj) near thf ITaimna r tvf i r 4n - ^ ^ r u t d i a t r i c t , 
Molybdenqms 'J^tm common n a tu r a l aourcea of ooiybdenua may be 
g r an i t aa , ahaiaa, deap aaa cXaya* Handy and carbonacaoua aadi-nenta 
beaidaa t h e mittticipal and JUiduatrial wastaa* ^he t r a c e matal 
p o l l u t i o n in a l a o aggravated due t o confparatively high p r e c i p i t a t i o n r 
poor drainage condi t iona , oiinimul diatancea between t h e weate 
ma te r i a l dumped* ground aur face and t h e ahallow ground water 
t a b l e fron which 90* of t he v i l l a g a f o l k draw water f o r t h e i r 
dcmeatic cona ia^ t ion . 
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Mol^Mteavm ia imolimd m tc«cui£«r pstmMmm 
mt in XAiithiiM and purliM o o a ^ t i o n a of isUk* Nitrogen f ixf t t ioe 
a l s o eo^plca t o a niolytidtttiiiai proeaaa ana occur* in a l l p l a n t 
an<l animal f i i ^ ecoieaiitrationa oC molybdanum ara 
hamiftiil t o •4nr«£al animal apacias* thm aaceaaaiva amount eC 
moX'sfbdmnmi In c a t t l a a caaul ta In fooln^Mtenoaia <a aeouring 41aaaaa 
luioifn aa t e a r t a j frora ttie hacbaga o£ a f fao tad aicaaa* Sol la 
in afAyh4mwm oontant t a t o o oan prodtaea todOmv 
which ia daioaging t o oa t t l a« aapaoia l ly i^an tha c r i t i c a l tOKio 
l i m i t £or c a t t l a of 10 mg s>«r kg oC f o ^ r ia <&chmitt> 
1976)* I t a lao eaiiaas a raduction in tha v i t m l n > ^ (aaeocbio miA) 
contant o£ tcmatoaa* oabbagaa and augar laaat* ^ha a f f ao t ad 
cropa a re f ad with reolytodan^t the i r i t ^ in«C oontant r i aaa 
i n m tmt daya and chlorophyll procS^tion and ganaral groMth 
a ra alao atiimilatad* 
In human pathology ayatama o£ laolybdaniim dat ic iancy hava 
ao f a r not t>ean obaanrad* ^ a da i ly raquipaiaent of No haa baan 
a a t l ^ t a d a t 2-9 itg (&iaibold« igeay^ hoirayar, an artoitary 
iacn^aaa in Mo intaka «ay ba riaky* 
Xn tha araa undar atudy i t ia obaarvad t h a t tha t r a c a 
natVl i contant i a a l aoa t d i r a c t l y propor t ional t o incraaaa o r 
I 
daoraaaa o£ tha anthropoganic a c t i v i t i a a * t ha araaa iihara 
i i ^ ^ t r i a l / u s b a n i a a t i o n ia on tha incraafa a^na of tha r a t a l s 
f^lao ravaal an incraaaing tz«nd« whasaaa tt» araaa 
n . I 
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oi vigorous a g r i c u l t u r a l a c t i v i t y ravaaX a s l i g h t £ a l l in th« 
t r a c e laatal efiotaiit from 1976 t o 70« p«taivaly« thay might htnra 
ac^td m p lan t - aut r ia t i ta* l#aaar i n d u s t r i a l iSmv9lepmnt 
i n secoB ragioRS could a l s o bm tha otlM»r f a c t o r s f o r l a s s a r 
t r a c e n a t a l contant in those ragicns* Similarly# tha molybdaum 
(tlt») eontant in r a in na t a r s i n t h i s araa shows an incraas ing 
t r and axeapt t h a t i n Agra C '^ig* 166) and %thura (Fig. 167) 
d i s t r i c t s whara i t s l i g h t l y dacraas^s frosn 2.0 ppto and 1«4S ps>l» 
i n 1976 t o 1*33 ppb and 0*93 ppb in 1977 but f u r t h a r incra«sas 
t o 2*41 pp^ and 1»46 pph raspact ively* during i978« Ttm thraa 
y«ars* ayaraga« howavar» comas t o i»91 ppb and 1,38 ppb (Tabla-xcv)» 
// 
Zn M i ^ h * (Fig» Bulandehahr (f<ig<169)« and Mi3rut(Fig.l70) 
/ 
d i s t r i c t s on tha o ther hand i t inoraasas from 0,32 ppb t o 0,52 ppb 
(0«42 ppb)* 0*27 ppb t o 0*45 ppb (0,3S ppb) and 2.66 ppb t o 4.09 p i ^ 
(3*IS ppb) raspcictivaly* Tlys t h raa yaars* awaraga Mo contant 
in tha ant i r e of s t u ^ araa which comas t o 1*42 ppb 
(Tabla'-xcv), rmmUa t h a t tha a reas «fhich tea highly i n d u s t r i a l i s a d 
i«a , Agra (1.91 ppb)« and ^ a r u t (3.15 ppb) contain mora Mo than 
tha araas whoaa siajor p a r t i s poorly indus t r ia l iaad(Migarh« 
^•42 ppb and B\ilandshahr« 0*36 PpbL ?ha minimum Mo cooSant in 
r a in watars was racordad a t Phanipur (0*07 ppb« Tabla-OOCXVlii) 
in Aligarh d i s t r i c t and maximum a t Dhaulana (7.35 ppb» Tabla«OOOOC) Ly V 
i n mrnrut d i s t r i c t * Tablas<*X<X2Z«&g^ shows tha minimisi and 
maximwa ccncantrat ion of in r a in watars from 1976 t o 1976 
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• long v i t h th* the** «ir«rag« Mo coa*«iit, 
s t i r face *rat«xra lilMwlae an incraase In the Mo 
f r € « 197^ t o 1970 sad d i a ^ r i c t a f r o a 0#70 
t o O.M ppm (0»7e ppa) and i,X0 pp» t o around 1.40 ppm 
(l«30 i^m) r&a|»»etiv«ly» In ^ h u r a and Bulandnhalur a s l i g h t f a l l 
In No contant in aurface watasra f i t m 0*96 ppm azid 0*27 ppm and 
Iq^ so and 0*24 ppm (Tatlc-XOe) I s t 1977 »i«» bean noticed^ which 
f u r t h a r i^iae* t o 0*70 ppa and 0.39 ppm in 1978 br ing ing the th rae 
yaara* anreraga t o 0.80 ppm and 0.30 ppm r a s p e c t i v a l y . In Al iga i^ 
d i a t r l c t on t he o ther hand i t r i a e s from 0.48 ppm in 1976 t o 1.46 pp 
in 1977 but m a l i g h t f a l l (1*33 ppm) has been not iced during 1978 
Vhich pu t s dowi the thre^e yeara* avarage t o 1.05 ppm (1?abl9-^:v). 
!rhe averaga m contant in su r f ace water bodies i n the area of 
atu<^ co!»ea t o 0.04 ppm. l a i g a r h (1,05 ppm) and ftaentt (1.30 ppa) 
are the only d i s t r i c t s which conta in more Mo in su r f ace waters . 
The lecaej^ a g r i c u l t u r a l a c t i v i t y r e s u l t e d in l e a s u t i l i »a t ioc i 
of Mo in the foraaer and more indus tx ia l developriMsit with g rea t e r 
i n d u s t r i a l wasta production in the l a t e r during the l a s t t h r e e 
years aay ba t he poss ib le causes f o r such a l a rge content o£ t h i s 
aMital in oar face watar bodies o£ these d i s t r i c t s . The minimum 
and skaximiRi i^j content during the t h r e e years* per iod i s 
i n Table»-l»0EI-%4JCWl3.Figa. 166-170^ shows t h e v a r i a t i o n i n Mo 
consent i n su r face water bodies over t h e th ree years per iod with 
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thm Kreragtf* 
ground nmtox-s of thiei region ireveal «n avtteaXl 
i»c<««0« in Mo contunt br inoieg t h e thr«« ymra* content 
t o 0*28 ppm (Tabla^CCV) exc«pt a s l i g h t f a i l In Agra (0«i3 t o 0»12x>pm> 
and Ikllgarb {0*25 t o 0«20 ppm) during 1977 which f u r t h e r r i a e t ^ 
Om20 ppm and 0*23 jps>m In 1970 br inging the th ree y«a»* average in 
these d i s t r i c t s t o 0*23 ppm and 0«22 ppm (f igs* 166 170) 
respect ively* in Meerut and ^%thura d i s t r i c t® i t increases frcaa 
0*43 s^m t o OmCB ppm (0«S4 ppm) and 0.2S ppm t o 0,43 ppm with a 
s l i g h t f a l l t o 0*34 ppm in Mathura d i s t r i c t i n 1978 (0,34 ppm, 
Table-^OCv) respect ively* Bulandshahc on the c^tl^r hand cor.tcin the 
l e a s t Mo content (0*09 ppm) Mpto 1977 which f u r t h e r r i s e s t o 0*22 
ppm in 197&* the th ree years* «trerage however CGm» t o 0*10 
(Table - O C C V ) * Mathura ( 0»34 ppia) and - W r u t (0*54 pp^ C E R T A I N 
more Mo in the ground waters because of the f a c t t h a t the ground 
water bodies in both these d i s t r i c t s are recharged by tlw» r i v e r 
THammm which i s com^ra t ive ly more po l lu ted tiian the r i v « r Ganges* 
The BiiniBtura and tnuciaum Mo concentrat ion in the ground water bodies 
during the l a s t th ree years with the average i s given in Table* 
wciii-Hixxvi. 
g o ^ ^ r t The caaiBon sources of cqpper in var ious water bodies »ay 
be the s o i l s derived f r o n rocks c h i e f l y g ran i tes and g ran i t i s ed 
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gmiuBt granodiori tMf f fg l l l ac^ous* sandy wtd c«lo«r«ou* mmdimnt»t 
phosphorites and phosphorus containing products such as f s r t i l i s s r s 
and dstsrgsnts^ ssiracs sludges* and sludges i n t o t r i a i i e s d 
araas e h i a f l y ^asic nui^far roos ciatal works* found^riss* raotor 
vah ic las , a l x c r a f t p l a t i n g , f in i sh ing* f a r t i l i s s r and patroiaum 
ref ining* e tc* 
Copper i s an e s s e n t i a l laatal in a nuniter of ensymes* 
Excessive in take o£ cosher r e s u l t s i n i t s accioiulation i n t;hc l iver* 
Copper toaf ici ty or def ic iency in animals i s not merely dependent 
i9>on cqpper intake but a l s o upon d i e t a ry l e v e l s Sin* Fe end Ca 
(ikidttnrood* 1971), Generally copper t o x i c i t y i s increased by low 
Ho* Zn* and so^ intal te. Grain crops d i f f e r i n g from copper 
def ic iency can be i d e n t i f i e d by an excess of s traw in r e l a t i o n t o 
the gra in yield»the g rea te r t h e copper fisficiAncy the lover the 
grain y i e l d . An average y i e l d takes betvreen 50 and 80 gn o€ ^ 
per hectare a year f r o a tYm s o i l (Schmitt* 1976)• In ground waters 
the noeesl concentrat ion of cop e r v a r i e s from 1 t o 3 / u g / l , 
Ihe zMip waters ever the area of study reveal an increase 
in the average copper contents from 1976 t o 76* which over the 
thre««»yc{ir pexiod cotaes t o 12.77 {Table*~KCVZ)« I'he niniiema 
copper content i n these waters* however* was reported e t K l r d i 
(0*31 in Agra d i s t r i c t and #nxiKum a t U»oi 
(56,72 ppb, Tatle-*XXX) i n d u s t r i a l coK$)leJi Ju s t on the bank off 
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Yamunft r i v e r in Me«irut d i s t r i c t . Th* i f» re«M in cappmr contents 
in r a i n imters ever th* thr»««»yc«r per iod (197€»78) v a r i e s £ron 
8.75 ppb t o 10.90 ppl> (9.45 ps^) , i2 ,66 p ^ t o t7.S$ p ^ 
8.SS ppb t o 11.2 ppb (9.47 ps^)* 3.69 ppb t o S.08 (4.27 ppb) 
and 2 i .80 ppb t o 29.6S ppb (33.83 ppb« Table«XCV2} in Agra (F ig . i71) , 
^ th ta ra {fig* 172). Aligarh, (Fi«. 183). SuUndshahr (•'ig. 174) 
and mervnt ( f i g . 175) d i s t r i c t s respactival:^. Xt i s observed t h a t 
the maaciitium concentrat ion of coppar in r a i n ^ t e r s i s found in 
itethura (14.85 ppb) and ^ e r u t (25.63 ppb), the former i s s i t u a t e d 
very m&t t o sotie of the b igges t i n d u s t r i a l coin^Iaaces c^ northern 
India and tho l a t e r i t s a l S i s more indus t r ia l i zed^ Table*]:^!!* 
l^Sj ind ica tes the v a r i a t i o n in tninimum and maitimxm cancentruticsi 
of copper in r a i n waters of var ious d i e t r i c t a with er.ch yeiur*® 
average coppar concentra t ion. 
Except %fith a f l i g h t decreas's in the c;»icantration of ccpper 
during 1978 of surfaoe waters in Aligarh (19.49 ppa in 1977 t o 
12.87 ppm in 1978, f^ir. 173) and '%crut (11.72 ppm t o 10.9 pp!«« 
r i g . 175) d i s t r i c t s * an increase in a l l other p a r t s of the area 
under study has been noticed (Table-xcvx). ^he th ree years* everags 
in these d i s t r i c t s , however, cones t o 13.96 ppm and 10.56 ppm 
respec t ive ly . The surface iiators o^ Agra* (^ig . 171). Mathura 
(Fig, 192) and Sulandshahr 174) d i s t r i c t s on the o ther hand 
reveal an increase from 12*41 pptR t o 25.3 ppn (18.0 ppm). 10.93ppci 
t o 14.30 psMi (12.24 s^m). and 2.04 ppn t o (18.0 p{^) . 10.93 ppm 
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t o 14*30 ppm (X2«26 ppn)* and 2.06 ppm t o 6*70 ppni (3.99 PS^) 
^h* thM ymmrw* wmmgm coppar concent ra t ion in 
t he mmtn «ttadly coiiie» t o 11.75 ppm 
1«08 ttmn the Average copper cooeent ra t ion in • u r f a e e water bodies 
of Agra (18*00ppm># M&thure <13*26 ppm) and Aligarh (13*96 ppa) 
d i s t r i c t s * Xt shov^ t ha t the increase i n copper concent ra t ion 
in t h e s e water bodies i s d i r e c t l y p ropor t iona i t o t h e flow 
d i r e c t i o n of t h e r i v e r Vatnuna which goes on inc reas ing as one 
fo l iows from % e r u t d i s t r i c t ( in t h e itpstream) t o Agra d i s t r i c t 
( i n the down-strean)* 
^ e th ree years* aven^ge copper concent ta t io i i in grotuid 
waters o£ t h i s region C O B I S S t o 5*74 ppm and t h e minimuia i s found 
a t Ani^shahr (0.29 ppm. Table-XLIX) near r i v e r Ganges in BuXandshahr 
d i s t r i c t and m&ximura a t Dankaur (29.5 ppm. Table XL2X) a l s o i n 
Buiandshahr d i s t r i c t near r i v e r Yaiauna and near, the c e n t r e of 
i n d u i t r i a l a c t i v i t y in nor thern India* on the whole en increase 
in copper contents i n ground water bodies of Agra (Fig. 171) 
and MSerut (Fig* 17S) d i s t r i c t s has been no t iced from 3*9 ppa t o 
9*45 PPM (5*99 ppm) and 6*41 ppn t o 7*78 ppm (7*01 ppm) respec t ive ly* 
In ^ t h u r a d i s t r i c t (Fig. 172) on the o the r hand an increase in 
ccspjt:>er concent ra t ion from 8*47 ppm in 1976 t o 12*6 ppnt i n 1977 
with a s l i g h t f a l l t o 11*18 ppa in 19TO has been observed* The 
th ree years* average copper concent ra t ion in ground waters of t h i s 
d i s t r i c t however cones t o 10*75 ppm* Aligarh (Fig* 173) 
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d i s t r i c t OQ the othMC hand i t £Xuetu«t4i« b«tw«i»n 0*38 ppni imd 
0*26 ppm (0*29 ppm) and in Bulandshahr (Fig, n 4 ) b»tw«en 
4*13 ppn imd 5«0 ppm (4.69 j ^ h 0» th« t h e niuciiiium 
cQppmit concmitcation i n ground vAtmm in the a rea of a t u ^ i a 
found in Agra (5*99 ppm)« Mathtara <iO*7S ppia) aiKi ^ e r u t (7«01 ppn* 
^abla^socvx) d i a t r i c t a . I t i a poaaibly du« t o th© loca i a o i l 
eocdi t iona which i a dar ived f r o o JMrchaaan {hxwf&llk rocHat naa t 
of Mftthura d i a t r i c t ) t o Middla Miocaoa rocka (Eiwaiika in Oahradttn 
d i a t r i e t i n c l o i a v i o i n i t j r of % « r u t and from whera r i v a r Yamuna 
o r i g i n a t a a ) on on^ hadd and l oca l anthropoganic aourcaa on tha 
othar* <^ablea-x.xii ravaa l the yaar ly a^ioium and miniaiura 
c q p ^ r concantra t ion in ground «nitara f o r t h r aa years with tha 
avara<s^ f o r var ioua d i a t r i c t a i n t h a ragion* 
Leads | t oocura i n uppar l i thoaphara both aa a chalcophi la 
and l i t h o p h i l a alamant. ^ha ionic ra<}iua of Pb (1.32 A) nalcaa 
i t poaaibXa t o raplaca Sr (I*27 i ) * Accordingly d iva l an t laail 
conroonly occura in tha K««inarala and a l a o i n a p a t i t a a . I t i a 
praaant in a i l i e a t a and phoaphate aiinarala «a iona and p a r t i c u l a r l y 
raplacaa C« (1.06 X) d iadodica l ly and i a found i n auch ea lc iun 
n ina ra l a aa a p a t i t a (upto SO g / ton l%>« Ooldachnidt, 1937}* 
Howavar« i t raplacaa Ca in minarala f o m a d a t lowar taoiparatiixva* 
In tha carb<siataa i t a concant ra t ion i a h ighly v a r i a b l a aa 
avidancad by 3*10 ppm (ftankana and Oahama* 19S0# and % a u a k o p ^ 
1955), 16 pp« (Runnala and Sch la ichar , 1956)« 2« pp« (Oatronu 1957) 
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MKi 7,2r 4.2 1960). V»<tepctol <1972^ 1974«^ b> jC»port«d • 
^tmry high c»ie»iitx«tiGa (20^9 ^pm m the ' i n roeJi 
forming mimr»l9 liitm b iot i t«# auscavit«« plagioclas* and 
allcali feXaspars (Tab l sz i ) . The other cotmcm source may be I 
the sulphide (gilena) oocid* or carbonate ore* (angleai te and 
ceruaei teK 
Arao&gat the i i^bia t r ia l and other anthrqpogenic aourcea 
l i ea the tBining* r e f in ing , anel t ing and laae of lead producta* 
paints* glaaed t i l e s and porcelain or ceranoiic vesaela* water 
pipes* lead pigmented cooking and drinking utensi ls* e t c . besides 
the indus t r i a l wastes. 
liead poisoning can give r i s e t o several n^ell kno«fn but 
non«-speci£ie c l i n i c a l syndromes of i l l n e s s in man* Since lead 
can renain in»iobilized f o r years* metabolic disturbances can 
remain undetected. Under nortnsl condit ions more than 90M> of 
the lead retained in t h e body i s in the skele ton. Although lead 
i s a non-»essential element i t i s present in a l l t i s s u e s mad 
organs of Mimals . The large a f f i n i t y of Fb f o r t h i o l and 
phosphate containing l igands inh ib i t s the biosynthesis of heme 
and thereby a f f e c t s neadbrane pemisabil i ty of kidney* l i v e r and 
brain c e l l s . This r e s u l t s in e i t h e r reduced funct ioning or 
coBC)lete breakdoim of these t issues* since le«d i s cunnulative 
poison. Hon than 0 .1 ppa of lead i s hanaful f o r drinking purposes. 
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la a <3«velopina country Xik« India irtmre vigorous 
i ndus t r i a l and a^jpcicultural a c t i v i t y t « s u s t a i n - h e r w a r 
growing population r e su l t ed in oore i n d u s t r i a l and sawaga sludgas. 
Thase sludges through t h e s o i l s goes on increas ing the matal 
and noa»-raatal ions in var ious water bodies o£ the region u r ^ r 
t h e i r influence* 
7he r a in waters of the area under study sS-so reveal an 
increase in the lead content from 1976 t o 78 in almost a l l t he 
d i s t r i c t s eoccept a s l i g h t f a l l in mthura <Fig. 177) and Heerut 
<Fig» 180) d i s t r i c t s during 1978. Xn Agra ( t i g . 176)« l a iga rh 
('ig,17&)« Bulandshahr <Fig, 179) from 3.7S ppb t o 4*21 ppb 
(3*91 ppb)« 1.66 ppb t o 3.18 ppb( 1.68 ppb)* and 0.68 p j ^ t o 
0.9S ppb (0.80 ppb) r e spec t ive ly . Mathura and J%erttt d i s t r i c t s 
en the o ther hand ind ica t e an increase from 10*38 ppb in 1976 
t o 20*07 ppb in 1977* and 12*99 ppb t o 14.39 ppb vhich f a l l s 
down t o 9*67 ppb & 13*50 i ^ b and pu t s down the th ree years vverage 
t o 11*69 ps^ and 13.56 ppb (Table^XCVZZ) respect ively* The 
average lead coocetttration in r a i n waters of the area under 
study comas t o 6*36 ppb (Table-xcvix)* The r a i n waters over 
mthu ra (11*69 ppb) and Mierut (13*96 ppb) d i s t r l b t s contain more 
lead than other p a r t s of t h i s region* because both these d i s t r i c t s 
a r e s i t ua t ed scuth«west and north-ea*t of the major i n d u s t r i a l 
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coopl^xtts (faridabAd* B«ll«lihg«rh« ffilchl«t (diaslabftd vad 
Modinagar) xmspcctlvaly* a i iaUarly the l««#t coocantrat ion oC 
lead ia found a t B i j a u l i (0«i« ppb« Tabia-xxxv^zzz) iiaar tlMi 
oangea r i v a r in Miga rh d i s t r i c t and loaiciiiiuB} a t Haujhi i 
(30.37 i>pl>« TableoOOCXVXZ) lying s o u t h ^ a t o£ Faridabad and 
BaXlaibhgarh i a d u a t r i a l aa ta taa and a i tua tad in mthura d i s t r i c t * 
l ^ a yaar ly v a r i a t i o n in tYia lainiraviiB anid aaxiaym contants of 
l a i ^ in r a i n va ta r s with th raa years alvarage f o r aach d i s t r i c t 
i a ahown in T«bia«L9CZZ«- txvz. 
7ha sur face watars a iao ahow an ineraaaa in iaad contant 
from 3.40 ppm t o 4*25 ppm (3«e9 ppm) and 2*02 ppm t o 3*40 ppra 
(2.67 p ^ ) in Agra ( t i g . i76 > and suianaihahr (Fig. i79) 
d i s t r i c t s oi^ar t ha t h r a a yaar pa r iod . M i g a r h (Fig. 176) and 
flea ru t (*ig. 180) d i s t r i c t s on tha o ther hand ind ica t e a a l i g h t 
f a l l from 10.16 ppm in 1976 t o 9.50 ppm in 1977 and 2.97 ppm 
t o 2.08 ppm which f u r t h a r r i s e s t o 11.17 p m «nd 2.55 ppm during 
1978 br inging the th raa yaar araraga t o 10.30 ppm and 2.53 pgm 
raapacti i raly. In Mithura d i a t r i c t ( t i g . 177)• howavar* i t 
incraaaaa from 3.52 ppm in 1976 t o 4.63 ppm in 1977 but a s X i ^ t 
f a l l (4*36 ppm) during 1978 i s observed which puts dcwn tha 
thrae years average lead concentrat ion in su r face watara t o 
4.17 ppm (Tabla-XCVZZ). The three years areraga lead concentrat ion 
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i n thm •ntixw htMin, hammi:, comm t o «*7I 9pm* M i g a f h 
(10.30 ppm) i s thtt cmly tfiatirict i n t tw msmm mdmie «tttdy wiiicli 
contftiii ntximiiiR amount of lead in «urf«c« va to rs on tho avora^a 
vhich ffii^t hm 4m t o i a rga aca la p r o d u e t i m o i laad baaad 
a l ioya | used in iocka and other bt i i iding f i t t i n g faatajriaia i a 
vmriouk pmxtB of t h i a d i a t r i o t * 
, I 
Ground waters of the c e o t r a i <a»nga«*yaiauna bas in revea l 
/ T 
an i i ^ r e « s e in lead content only in Agra <f ig . 176) d i a t r i c t 
fro^ ppm t o 2*43 pm (1.96 ppn> on ttie average over the 
^ea r period* Litas t he su r face imtera* i t r i a e a from I 
3^83 ppjm i n 1976 t o 4*70 pp» in 1977 and 2*42 pp» t o 3«2S ppa 
in Hat^ura <Vig* 177) and Bulandahabr (Fig* 179) d i a t r i o t a // ' 
b u t / s l i g h t l y iSalla down t o 3 . S i pp» and 3«16 ppm during 1970 
an^ tk* t h r ee yaara average lead concentra t ion hokiever coisea 
^o 4^03 ppn and 2.94 ppa raapect ively* A l i ^ r t i (Fig. 178) 
and Meerut (Fig, 160) d i a t r i c t a revea l a s l i g h t f a l l during 
19/7 f r a a 0«2S ppn t o 0.20 ppia and 2.26 ppm t o 2.02 ppn which 
f ^ t t t m r r i a ea t o 0*23 ppm and 2.17 ppa during 1970 thus I I 
liN|manoing t h e th ree years average lead concent ra t ion in ground 
waters of these d i a t r i c t a t o 0«22 ppm and 2 .13 ppoi (Table««CVZZ) 
re j ipec t ive ly . The th ree years average in the e n t i r e bas in of 
atjidy* however* eoosa t o 2•25 pgm, The ground waters of Mathura 
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(4*03 PXM) and BuUoashiihr (2*94 pgm} on thm o th«r hand 
conta in nor* than the biiain «<r«ra9» (2*25 ppaiK Th* 
conmon somw** f o r the high lumd contan t AMOT 1 M t h « w«it«» of 
tha Gtchia i n d u s t r i a l a a t a t a which i a diractXy pourad in t ha 
Yamuna watara and tha coaraa . paraaabla s o i l co^ar in t h i a 
p a r t of tha b«ain nakaa i t aaay t o pareolat t t dowmrard t o tha 
grcnmd watar raaar<r#ira* l^ha ninioiun la«d concant ra t ion i a 
found a t Guiaothi (0.06 ppni» famous f o r augareana 
c u l t i v a t i o n i n Bulandahidir d i s t r i c t and maximun a t B i s r M 
<9.78 ppn« naar »air OkhXa I n d u s t r i a l Cooplax J u s t 
naar the Yamuna r i v e r a l s o i n Sulandshahr d i s t r i c t . Tables* 
LXii -yocvz, i nd ica t e tha miniaum and maxinsua concent ra t ion 
of lead during the t h r e e :^ear8 %rith t ha average i n each d i s t r i c t . 
z.inct I t i s predominantly a cha lcophi le e l anen t bu t in 
upper' ' l i thosphezv i t i s c l a a s i f i a d aniong caiyphile e lements . 
During weathering s i n e goes r ead i l y i n t o s o l u t i o i as sulphate 
or ch lor ide which l a t e r cm t r anspor ted t o the s u r f a c e and ground 
waters , i t i s aore wobile and l i e a on the border between t h e 
solubia ca t ions and t h e e laaenta of hydrolysatea (ffickNian»1944}« 
lAindegarth tl948)# repor ted an anrarage va lue of 100 ppa 9lino 
f o r Azchean ond Pal«aoaoic s l a t e s . Raiduna and Sahana <19S0)* 
Xrauskopf SunneU and Schle icher (l956)« Catron <1957) 
and Graf <1960) have repor ted 50 ppau 4 .20 ppm, 35 ppm* 40 ppa 
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and i® ^ 3 PP>« of Sto i o cmXe^fmooB rock« xmupmettvmlym mdrnpdhX 
(1972# 1974 «« b) r«ported 63 t o S27 ppn o£ Zn oa the arsrao* 
in olivtiMi* ^Kcasmrm^ «ii«>hiboaLe8 and b i o t i t a a i n incx^aslng 
oraar (Tabla*-:^: Aogino (1970} xaportad SSA cootant 
itt moat of tha anzyma datarganta* Barggran and Od»n ^972) 
from BmAm, Barirair and Mabbar <1972) from England* Blakaalaa 
(1973) and l^ga (1974) from raportad 2600 mg of Za p a r 
kg of aawaga aludga on the averoga« iUain a t a l . (1974) raported 
var iad contanta oi- Za trm i n d u s t r i a l waata wa^iara of f a t 
randaring (3890Atg/l)« f i a h procasaing <1590/ug/l)* a o f t d r i i ^ 
and f lavour ings (2990^g/X), Laundry (175G /ug/ l ) , e t c . . T h a n 
a re ottmr var iad induatriaX aourcaa of &inc concantrat ioo b a t 
tha i ron and a t a a l b l a s t fumacaa ara conaidarad t o ba tha saoat 
iaqportant which diacharga about 850 xg of ^ par day <l%atar« 1975) 
from Taaaaida a t a a l worka <Britiah S t a a l Corporation)* 
2.iiie ia one o£ tha aaaan t i a l Matala raquirad by tha 
hunaoi body and approjcimataly hundrad titoaa aa abtJtndant aa cqppar 
<VahrankaB|?« 1973)« i t appaara t o ba praaant i n a l l aaanala . 
Aa with coba l t <ZZ)# SLinc has tha a b i l i t y t o occupy low aynnatry 
a i t a a in ansymta vid can thara fora f tuict ion aa an aaaan t i a l 
conatitvMint of aaveral oi thaM* Concann haa ar iaan bacauaa c£ 
tha int inwta connaction of Xinc with Cm^ivm in t ha gaoaphara 
and bioaphara. Zn ao i la tha r a t i o of Caaniim va r i aa f r c a 
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iipXMraeimitely t i300 t o I t 2900 hy moUt i n «««wAt«r t h e moUir 
r « t l o l a i t 3S| i n the mAult human Hldovy, t he moliir abund«iic« 
o£ Cadralua} can rmch o r «xc««a i f t h » t h a t of ZUac, vary ing 
widaiy from indivldiial t o ind iv iaa« l and frooi one gtographlc 
artta t o another (Schro«d»r « t 1967). Moderately iocraaaod 
SLiac concent ra t ions in wator s taanning froia th© ro laasa of 
Zinc fronei drainage t o o o r r o t i a n do not induco any 
ci inieaX !Q»nif#«taticns« rttaaarchas based on laboratoi:y 
t a s t a m aniaaXa indicat«» hcw«v«r« t h a t the M t a b o i i m of 
tivsmn ho0y amy bo af£«ctad (niinarai and ansyise toudgat f o r 
«ac&iiipi.o) a a p e c i a l i y f o r e h i l d r a n and pa t i«n t» a l ready s u f f o r i n g 
itxm i r rag i i l a r ]Birtal>oliiai« 
Th« var ioua v a t a r bodiea o£ t h o a rea under etudy with only 
a few l o c a l excaptiona revea l an c»rer«ll increase i n t he 
con t en t s . The r a i n watera f o r exaa^le i n Hathura (^ig» 162), 
M i g a r h (* ig . 189} and Bulandthahr i^ig. 184) d i e t r i c t a ahowa «n 
increase in t h e conten ts of Zn trcm 5»33 ppte t o 9.67 ^h 
(7.45 ppb)« 9»04 t o 10.10 ppb( 9.57 pid>) and 4*96 ppb (7.45 ppb), 
(6.17 ppb) during 1976-78, wh«»reas, i n Agra (^ ig . 181) d i s t r i c t 
i t f i r s t r i s e s f r o n 9.27 ppb in 1976 t o 10.22 ppb in 1978 but 
f a l l s down t o 8 .05 ppb dur ing 1970. The year 1978 has a l a o 
witnessed an i n d u s t r i a l a luep in t h i s p a r t of t he b a s i n . The 
th ree years averege concent ra t ion of ^ inc in the d i s t r i c t . 
2bi 
tKMttVttr, conMifl t o 9.10 pph (Tabl«-XCVXZZ). Xn % * r u t (Fig. 165} 
d i s t r i c t on th« oth«r huid* i t £Xwstvuktmm bctwMin 4.90 ppb and 
S*SO dttriHQ the thr»« yo^r poriod with th» «cv«rag« coneentrat ion 
in r« in «r«ters around 5*17 ppl>» Tb« thrwo y««rs Zn 
eoaesmntvottiaa i n r a in %rat«rt of t h i a baain cocoea t o 7.50 ppb« 
which i a leaa than t h a t found in Agra ppb) and AXigarh (9«S7p2^) 
d i a t r i c t a whare i ron and a t a a i bXaat hurnaoaa* baaad alXosr* 
bui ld ing and o thar housa hold induatr ias^ and cinc caat inga a re 
in abundance* dua t o imich the atiooaphar* and the loca l a o i l i s 
enrichad with $sinc contanta and through th« doat p a r t i c o l a t a a and 
a o i l i t gets i t s way t o the ra in watara« a-h® minitmxm coacant ra t ioo 
o£ t h i s laetal in r a in waters i&« hoM«»ver, m»t a t Bulandiihahr 
(0*20 Tabla«XXKXK} town i t a a l f and tha isaxlrauai a t BiaralOi 
(39*5 ppb) . south-»wo«tt of Faridibad* Ballabhgarh and Olchia induatrXal 
• a t a t a a , which i a a lao aitudttad in Bulandahahr d i s t r i c t * 7abXa«> 
IXZZ-LKXW r a v a t l the minimum and Maximum Zn contanta with thw 
wraragaa Crcoi 1976*78 of varioua d i a t r i c t a * in tha area undar atudy* 
Similar i a tha caaa with aur faca watara whara an incraasa 
in Zn concantrat ion haa baan noticed in Agra( F ig . 181 )# Aligarh 
(«ig. 183) and Bulandahahr (Fig. 184) d i a t r i c t a f r o a 3.23 ppn t o 
5*43 ppn (4*16 ppn)« 9«13 ppm t o 15.23 ppn( ll«8d ppml and 2 .21 ppa 
t o 3.00 ppm (2,40 ppm) raapact i i ra ly. Zn mthura <*ig. 182) d i a t r i c t 
€ 
alon^ a gradual f a l l o ra r the th raa year par iod i n tha concantrat ion 
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of s i n e from i l«01 ppm t o 3«0S ppm (9«93 jppm) hmi baen cil>»«inrttd» 
MMrut (fig« id 5) d i s t r i c t cm th« o th«r hand « u l i ^ t 
dur ing i977 from 2«6 ppm in %91€ t o a*20 ^ 
which f u r t h e r r i s M t o 2*45 ppn duriAg 1978 wdifiacing th« 
«r«rage t o 2*41 ppa* (Tabl«-aQc:vzZX)« Th* mmrmgti En 
ooncftntrat ion in the iu»a uodur b«t«d on thr»it ymmrm 
com» t o S#I9 Mathura pp»)> mad M i g a r h 
( i i«88 ppn) cc»tf t i» ttortt S^ in t h ^ i r iiiir£it€« tmte r bodies than 
th« o th«r p s r t s of tli* «x«« undsr studsr* The r s s son bs ing 
th« prttdomiiuicce of S^ioc aad i t s inXla^ based i n d u s t r i e s in 
t h s ioxvmv Slid e i o i s v i c i n i t y of t h e HHmmm rivw t h a t / 
b r o u ^ t the po l l u t ed waters from the industr iaJ . coii^ieaces i n / 
i t s upstr««m in the l a t e r * 
^ e i^ound waters un l ike t h e r a i n and s u r f a c e water* 
i nd i ca t e a s l i g h t l y f l u c t u a t i n g i:rend in t h e Zn con ten ts i n 
t h i s p a r t of Oanga<*YaiBi«)a r i v e r basin* ^ e yea r i977« has shown 
the decreas ing t r end in Zn ccmtents in aiinost a l l t h e d i s t r i c t s 
ba r ing t h e Mathura (^ig« 182} d i s t r i c t where a s l i ^ t increase ' 
ever t h a t of t h e 1976 Zn content in ground waters has been 
noticed* The year 1977 in India has witnessed awny t^jheavals* 
t h e change and pol icy c£ the gcvemiasnt, f a l l in i n d u s t r i a l 
outputs s h o r t SMpply of raw aa t e r i a l*« cur ta i lment in t he 
a ^ i v i t i e s of lau l t ina t iona l i n d u s t r i a l f i rm* e tc* a r e soma of 
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t h* mmin faetccii of ircrth atttationing* M l h«d th« cunulat iv* 
• f f « c t « on th» i ^ o r t mppl^^f o£ In&vmtximX wmBtmm and tmacm 
th* Zn ecotmatm i o th» s u r f a e i (Ta^A^'Xa/ZiZJ* During 
1971 ,^ h^nrever th« MtrnXity « t the iMrou^t &om 
»titmmm0nt In a l l round ac t iv i t l a s with t he r a a u l t production 
/ 
o£ mos^ i n d u s t r i a l waataa nod mora Zn addi t ion t o aurfaca watera 
a»d t^irough i t t o t he ground watara* 2n <^9* 
aulWdshabr (Mlg, and mrnxut 185) d i s t r i c t s tha 
Sin c ^ c o n t r a t i c Q dmceeaL^ea from 1*67 »pa« i«3i jpjpm and 1»28 ppta 
I n t o 1.31 ppm, UZt pptn and 1«U pffm in 1977 which £urth»r 
ti^i X«6& pvm* 1.62 ppot and l . i d ppoi during lS7d respac t iva ly . 
tha ' thrai^ yosara a<irerage occicantration in thaaa d i a t r i c t a r /i, 
coBifea ^ o 1«S3 ppia« 1«44 pspni and 1«3S jppa raapact ivaly* in Aligai:li 
183) d i s t r i c t the 5in concentrat ion i n gjfcftiod 
rfivfa^ a decreasing t rend f r o a a«69 pm ^o 2.35 (2»S7 ppn) 
/ ' 
in Mathura OPig# 1&2) i t increasea from 3 .0 ppoi in 1976 
ijo in 1977 but decl ines t o 2 .01 ppai in 1978 pu t t i ng 
down the^/ tturea yeara average Zn concentrat ion t o 2*92 ppv • 
iThe KVitrjige ftn concentrat ion in the t>aain« lioif«var« coMea t o 
11.94 VS^ (7ebla«JCCVZZII« Hathura (2*92 ppn) and Miga rh 
1(2*57 p ^ ) contain more Zinc in t h a i r ground waters than the 
x«at of thi» ragico* The faeximui Zn concentrat ion ia« howav«r# 
recorded a t Saidpur (8 .1 ppn. Table -^Lix) j u s t naar cithia 
i ndua i r i ^ i ' e s t a t e during 1978 in Bulandshahr d i a t r i c t and 
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and t h e mlniiiuai a l so a t ftaid^ur (0.05 ppm« > 
d»|ring 1977. Such an abnormal (162 titnaa) ioejeaaaa in Zn 
coocantxmtlon In ahallow watac aqiii£«r a t t h e aaaa j^laea 
during ona yisar i a a t t r i b u t e d t o tba aatabliahtaant on a la rga 
Goala of the s ine baaad dya caa t ing induat r iaa in t h i a araa 
ifhicli vaa fociaarly a v i r g i n land* Tha v a r i a t i < ^ in ninlflnitB 
and aaximum concantrat ion in t h e amount o£ a inc i n ground vatara 
of t h e region with afoh yaara average eoneantxation i a ahokfii 
i n Tablea. i-xirr-^QOCvi, 
Munjiniumt Alutninium ia the t h i r d moat comnon element in tha 
earth* a outer c r u a t . Muninium ia uaual ly preaent in na tura l 
watara where i t caa»a in contac t with bauxite* bausti t ie 
(Alumina r e f r a c t o r y Icilna) ca f rac tor iaa« olaya and c e r t a i n 
aha laa . Zt may be troublanioma f o r bo i l a ra whera i t geta dapoaitad 
aa aca l ea . 
The r a i n watara over Mathura (Fig. 107)« Aligarh ( f i g . 188) 
> > 
and Bulandahahr (Fig* 189) ^ i a t r i c t a * where ra f rac tory* c lay and 
other alumina baaad induat r iea have come up on a la rga acale in 
recan t yeara r«vaal|k an increaaa in t he contenta oC aluminium 
f r d i «.07 ppb t o 11*80 ppb (6*58 ppb) 4.53 ppb t o 5* IS pgh 
( i . 85 ppb)# and 2.37 ppb t o 2.88 ppb (2*82 ppb) reapaot ive ly , 
Zn Agra (Fig* 186) d i a t r i c t on tha o the r hand i t r i a ea from 3*60 
ppb i n 1976 t o 6*30 ppb in 1977 but a l i g h t l y f a l l a down t o 4*85 ppb 
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during 1970 pu t t ing down ttm thr«« yoars «ver««» t o 4«91 
ttluminiUBi content in jet in if«t«r« of M»*rut 
(Fig. 190) d i s t r i c t m t h t dth«r haM £l,ttet»&t«» iM^raen 
12*20 ppb «nd il»S$ np^ (l i«93 i ^b ) wh«c«as tfm «verag« ttXoniniun 
concentrat ion in the «r«a undor study cosiea t o 6*56 ppb (TabloWfiCZX), 
Xn sur face waters of t h i s ragion no abnormal, incraasa 
in the aXtsBiniUBi coneantrat ion o^ar tha thraa years* per iod 
t 
has bean observed, Xn (7ig« i86)# Aiigarh (7ig« 188 )# 
BuXandshahr (Fig. id9) and Maerut (Fig, 190) d i s t r i c t s i t increases 
from 6«90 9pm t o 13*22 ppn (6*05 ppni)« $.72 ppm t o 12»34 ppn 
(8*92 ppai), 3.14 ppm t o 7*85 ppm (S,21 ppm} and 6.54 ppm t o 
10*85 ppm (9*3S ppm) respect ively* Aluniniuia concentrat ion in 
t he sur face waters of mthura (Fig* 187) d i s t r i c t on the 
o ther Imnd xwaains around IS*58 pgmm The three y e a r ' s average 
concentrat ion of aluminitss in su r face waters i n thm e n t i r e 
region of study ccnes t o 9*02 ppm (TableoXCZX)* The hi^^her 
a luniniun concentrat ion in sur face waters generalXy occur 
where tl;ie s o i l i s derived by the weathering of sluMinium r i c h 
rocks* table.xxiljrr&*]:xxy)^ reveal the v a r i a t i o n in the ainiisuM 
and swxinua concentrat ion of alUMiniuai i n sur face waters with 
the average in the area under study* 
The ground waters of the c e n t r a l ganga»YaMuna r i v e r bas in 
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on th0 otlM»r hftUd rmr*a2 an abnortnelly hi^^ aluminium concantrat icn 
(Wi^m « 190) l>a«saU8« the groaiid tiatara in ganaraX contain 
vary l i t t l e aluminium content* i t may hm poaaibla dua t o tha 
wrai laibi l i ty of aluminium f r o a t he ea r ly waatharad aluminium 
r i ch aeurca cocJta in c lose v i c i n i t y as i t i a noticed t h a t the 
ao i l a i n many pa r t of t h i a xeqion conta in unAeathered fa l apa r* 
and ottMir aluaiino«ailicatea« fhm other posai toi l i ty nay be 
the l a rge acale develqpmant of re£ractory# glaaa and ceramic 
industry in many p a r t s of t h i s region in recent years* Except 
f o r 1977, which was a aluii«> period f o r the industry in t h i s 
p a r t of t he region as discussed e a r l i e r a s l i g h t increase i n 
aluminium content of the ground waters i s observed (TabledDC) 
Itethura i s the only d i s t r i c t where an exceedingly high (32«73 ppm) 
aluminium content has been noticed* I t ^ y be due t o i t s 
c lose loca t ion with the aluminium r i c h rocks (luravalli and 
Vindhyans and gran i tes and g n e / a t the baae) and soma of the 
b igge i t i n d u s t r i a l cos«>lexes (faridiaE>ad and Ballabhgarh) of 
northern Xndia* The average aluminium content in ground waters 
of l^jra* Aligarh# Bulandshahr and Naerut Comes t o 6*75 ppm, 
8.28 vpm0 3.81 ppm and 5.57 ppn <TableWCC23C) respect ively* The 
average of the basin* howaver, cones t o 11.43 ppm. Table»ix\» — 
XXXyz, give the minimum and maximum concentrat ion of aluminium 
frcoi 1976 t o 78 with t h e average f o r each year and a lao on the 
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b«««s o£ thrstt years in var ious d i s t r i c t s of t h s «r*« undsr 
i^slti Sctursl and mm^mg^ proemaamm have in matal 
cootaioing a i r k>oma p a r t i e u l a t a s . D ^ n d i n g vipaa pravaiXing 
c l imat ic condi t ions , thasa p a r t l c u l a t a s may becoma wind blown 
wmv graat diatancaa in tha ataosphara and ulticoataly r a t u m 
t o tlie sur face through p rae ip i t a t i ona by r a in or anew f a l l . 
Amongst the na tura l sourcas o£ tha g r a n i t i c and granodi* 
o r i t i e Ir^ka which forms 66% of the ina9iiatitaa# axarci^sa tha 
graateaf inf luanea cm the ccffli>oaition of the vaa thsr ing 
I 
p r o d u c t (wadtpohl, 1969) and almost a l l (baring Strontium) 
/ 
t r a c e alasienta incrapiaa with tha t r a n s i t i o n from g r a n i t e t o 
/ 
ahajyfe* Similar ly the chiaf sources of cobat t incluaa g ran i t e s 
an<^ gjRindioritaa# shalas# deep saa c lays and aandston#s. Small 
a ^ ^ w t of cobal t has a l so tMien co i t r i bu t ad by carbonate rocks 
1961 and* diaganat ic i ron sulphides of sedinantary 
o^ij^in Volkov^/Nomina (1974) and pi l ipehuk and Volkor (l974) 
revealed tha imrichiiiant Mo# Cu# Mi, and Co in the p y r i t e s 
ix^jm the aiodam daap water deposi ts of t he Bladk saa whan 
coovsared with the enclosing sediments. Longnyhr e t al« (1977) 
reported 3 t o S ppra of Co i n tha phosphate rocks of r i o r i d a 
Morocco* Enrichment of Co in var ious water bodies a l s o / 
ri ibult from o i l f i e l d b r ines , aoid mine drainage, m i l l wastes, 
s ^ a l industry , f ab r i ca t ed s t e e l products, stone products etc* 
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Cobalt widely d i s t r i b u t e d in the hxmmn body the t 
iretiaisee vitemiB Bj^ ^ ^ « coibkit ( i x i ) co!iiplex« Xt 
poeeeaeea the a b i l i t y t o oocvi^y loir eyMHtry e i t e e in 
hence Cc2>elt (XZ> i e en ensyme e e t i v e t o r . The to lerance 
l i m i t o£ cobal t ctiapma&B in irarioua groupa oC ani»ala 
ver iea from 0*01 t o 0»i fear fialw 0*7 t o i«S g /kq f o r 
nnwraala, and SO 500 mig/kg tot man i ^ m g , 1973}* 
t h e concentration of cobal t in varioua t iater bodiea 
reveal an imsreaainf; t rend in many par te of the^area under 
atu<9^ over the th ree year per iod ( 1976 « 78} • The r e in 
F 
imters of Agra (Fig, l%thura ( / i g . 192}^ and Migarh 
(l^ig« 193) d ia t r i c t a^ reveal an increaae in cobal t concentration 
froot 2.27 ppb t o 3*07 ppb (1*89 ppb) 1*42 ppb t o 2*01 ppb 
(1* 71 ppb) and 0*11 t o 0.30 ppb (0*23 ppb) whereaa« in Bulaodahahxz 
(Fig* 194) and Mteriat (Fig, 19S) d i e t r i c t a* i t remain in between 
0*30 wsd 0.34 PS^ (0*31 ppto) and 3*S8 and 3*43 ppb (3*$f pxd>> 
leapectively* Tlie th ree yeara average ecba l t concentrat ion 
in ra in watere in the baa in cornea t o 1*53 ppb (Table«C )« Surface 
watera of Migarh (rig* 193) and Maerut (Fig* 195) d i a t r i c t a 
on the other hand reveal an increaae in cdDalt concentratdfion 
from 0*S3 p f ^ t o 2*22 pp^n (1*55 ppka) and 0.47 t o 0*84 pp^l 
(0*74 ppm* Table«C ) reapectively* Mathura (Fig* 192) ^ 
Bulandahaihr (Fig. 193) d i a t r i c t a show a a l i g h t f a l l f r ^ 0*77 ppai 
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in 1976 t o 0 ,S i ppm in 1977 and U52 ppm t o i»4S ppm, which 
furth«ir ri««« t o 0*87 pm ppm In 1978, br inging th* 
thr«e «v«ragt« t o 0*73 ppm and 1*70 ppm raapactivaiy* 
In Agra (iFlg. 191) d i s t r i c t , on tha o thar hand, i t imwmmm 
from 1«04 igptt t o l* i$ ppm during 1977 but falXa doim t o 1*38 ppm 
in 1978 br inging tha t h r a a yaara mrmmge t o 1*33 ppm (Tabia«C}* 
Cobalt concantrat ion in ground watam, hoiiavar# indicata 
an over a l l incraaaa in a l l pa r t a of the araa undar atudy« axcapt 
in Migarh (Pig» 19B) d i s t r i c t im«ra a s l i g h t f a l l from 0*3$ 
in 1977 t o 0*23 ppm in 1978 haa bean not icad Which puts doun 
tha th raa years* avaraga t o ppm (TabXa^), Xn Agra, (£ig,191) 
Mathura (Hg* 193), BuXandshahr (]Fig» 194) and Maarut (f ig* 19$) 
d i s t r i c t s on tha o thar hand i t incraaeaa from 0«18 t o 0*67 ppn( 
(0*36 ppm), 0*20 t o 0*18 ppm (0*38 ppm), 0*21 t o 0*44 ppm (0*29 ppm) 
and 0*28 t o O.IS ppm (0.33 pim> raspaetivaXy* Tha th raa yaar*s 
avaraga eobaXt concantrat ion in ground i«aters o£ tha araa undar 
study, howavar, comas t o 0*44 ppm (tabXa«C)* 
Tha mininum eobaXt concantrat ion in r a i n , surfacaa and 
ground watars i s mat a t ftilsandrabad (0*01 ppb, TiO^Xa* xux) i n 
BuXandshahr d i s t r i c t , Nandgson (0*05 ppm, TabXa* XX«XX) i n 
Mathura d U t r i c t and AtrauXi (O.OS ppm, tMrn^Kms i I ) in AXigarh 
d i s t r i c t , whara as alaxiniuin a t lUueapur (6*7 ppb, T a b X a - X X X X ) naar 
Ghasiabad i ndu s t r i a l a s t a t a in Msarut d i a t r i c t , AXigarh 
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I 
(4*90 pm» 7a)bl«-XX»XXX}«nd Mftthur* (0.83 ppni« rMm^-SO^Zl) 
r*«p*ctiv«ly* TabXw-IXZXoXXXVZ^  x w M l tbm im inisiiai^ 
r 
and naxlBura ecxacttiitratioii of tsobaXt in the var ious w«t«r bodie* 
of t h s Mgion wmc thm thir«e year pariod* 
Hiclcalt Gaochaoiieai Si i a vairy iironoiiacedXy « aidarophiXa 
and i t a buXIc i e found in metaXXie iron* In acid ignaoua roeka 
Hi ia Xeaa amrictiaid than baaic and uXtrabaaic rocka» Xn cadaooate 
aediiscnta the Ki ocmoantration haa tm»n raportad t o ba 3«X0 
ppm <Krauakopf« X9S3)< and iO«*XS ppai (RtmnaXa «f achXaiehar* X956). 
BoM«n U966) reportad 40 ppn c£ I3i i n aoiXa on the a ^ r a g a , 
I o 
langsiyhr a t aX. (X977> found uptd pftia of Ri in 
phoaphatic rocka and m;>to ^ ppm of in ahaXaa (Torakian and 
«Midiap<^« X96X>. Baaidaa thase naturaX aourcaa^ » i anrichment 
aXao takaa pXaoa through induatriaX affXuanta and aawaga from 
domaatic and agricuXturaX aoiurcaa* Recant atudiaa by Bchafar and 
BaacQia (X976> bava aho*m an anrlchmant in t r a c a raataX contanta 
m tha north Aaiarioan fiaat Coaat and repor ted 2)X ppia of Hi in 
the Hyperion outfaXX area* In i r i t i a h CoXiaabia f j o r d area aXao 
a vary high awtaX concentrat ion haa baan reported (fiXXia* i977« 
Li t tX^aga« X975| Thompson and MeCcnaaf X974r Thonpaon and Paton«X97S)« 
Tha nickaX toXeranca Ximita in var ious grous>a of oirgani 
var iaa from 0,00055- ig/ i in eruatacaana« 0*0 t o S5 g/X in 
f iahaa« and 50 «• SOO »gAg i o «an« 
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In xttc«nt ymmf th« hmtPff ii)dii»tjrl«},i8«tloii in nor the r s 
p«irt8 QC in gtiM»ral« the •]?•« tinOsr s tudy has a l s o 
jc«fv«al«d s igns of tttiiosph«rie« su r face sad ground imt s r pol lut ion* 
X» r a i n watsrs an incraasa in t h s Stl contant has baan not iead 
i n aliBost a l l p a r t s of tha ragion aamaly Agra (Fig. 196)# Mathura 
(f ig* 197), Migarh (rig* i9d)« Bulandshahr ( f ig* 199} and 
Maarut (Pig. 200) d i s t r i c t s ovar the th raa years* S i n i l a r l y an 
incxnasa i n Hi content of s u r g e s waters has a l*o been noticed 
in Agra* (Fig. 196)* MftthuraiTig, 197h Eulandahahr (Fi^. 199) 
ana ^iearut iVlg, 300) d i s t r i c t s frora 3*51 t o 4*93 ppm (3*92 pirn) 
^ and 3*1 t o 4*75 ppm (3.73 pjwi, 1fabXe-CX) respect ively* m 
Aligarh (Fig. 198) d i s t r i c t s however* a s l i ^ deccma^ i n Hi 
content i n sur face waters has been not iced from 4*79 t o 4*26 pgm 
(4*49 ppm). Hi concentrat ion in ground waters oa the o the r ttand 
reveal an i n c r ^ s e in Agra (Fig* 196) and ' W r t i t (Fig. 200) cmly 
froK 0*38 t o 1*08 ppa (0*66 ppn) and 1*93 t o 2*04 ppm (1*96 ppta) 
r espec t ive ly . In Mathura (Fig* 197) and Bulandshahr (Fig* 199) 
d i s t r i c t s a s l i g h t decrease during 1977 from 2.47 t o 1*97 ppm 
and 1*13 ppa t o 0*90 ppai (Table«CX) has been not iced which 
f u r t h e r r i s e s t o 2*09 ppa and 1«SS ppm br inging the th ree years 
average t o 2*17 ppm and 1*19 ppm respect ively* Zn AligRi^(Fig«198) 
d i s t r i c t , however* an increase f r d n 1*88 ppm t o 2*24 ppm has been 
not iced which C O M S down t o 0*49 ppm durlAg 1978 p u t t i n g t h e 
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tlivttS y««»i Wfmmg^ pm <T«I>1««CX). Th« t h r M yiMif* 
Hi c€iocweitx»ti€Ki in ^cp^ia vmtmtM 
i s found t o b« 3*30 ppb» wm and i.SO ppa i n 
th« «r«« of s t i a ^ . 
TIM niiilsiim tii Qoiie«i3ttJ^tioii i n ritiii* siaxf t i ^ 
«tirf«ci» imtvr l>odim> i » f«ccHe^atil «« KhurJii ( 0*04 ^Able-XXXPC) 
i n Bia«Aa«h«hr di»tric%» F«t«l9iir-ai]yri (O.ia p&m* TMrnmiVUX} 
in Agra d i s t r i c t «i»d {0*OS ppa, Teil>l««tda«ZX) i o 
BiiicBdshtthir d i s t r i c t mspsetivii iy* and mmixm « t Bagttpat 
i n t m m t d i s t r i c t * i n l^ ammm r i v « r near 
09(hia (28.Si pp«« i n Buiandsbalir d i s t r i c t and 
S a i ^ u r (9«Si ppiB, T^ ie<*9C];*XK> a l s o in B u i a n d s h ^ d i s t r i c t 
r s spse t ivs iy* Tlia v a r i a t i o n in niniiBum and aiaxi«Buro c o n c a n t r a t i ^ 
of a i in var ious watar bodias o£ tha a r s a ondar study i s 
Shown i n l'abid»CZX - tXXUfU 
^troritiiM* xn aa tu r s , i t bahavas as a l i t h e p h i l a a lanant and 
«Mwnra in oocjrsaits in ras idoa i sadimants l i k a aandstonas^ i t i s 
cooaantratad by sacondaxy i n f i l t r a t i o n i n to %\m p<»r«us a ta ta r ia l s . 
Zn hydrolysata sadinants and in t h e clay Minarals of so i iS t 
s t ron t i tm nay ba f iacad on a vary Kodarata sca la by aacchanga. 
2n cacbonatas* tha s trontium contant v a r i a s tfidaiy, RaidUMia and 
Saham <i9S0} n^tor tad 43S » W pgm» Krauskopf <19SS)* 4 0 0 - ^ 0 
PIMif ftunnaXs and Schlaichar (iftS6)# 470 ppsii OatroM 
490 ppm and Graf (t940)420 pm of s t ront ium in eaxbonata aadimants. 
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XfttclMiidGcnr il989) t h a t ftrgiiajMSsous c«£botuit« rocks 
conta in aK»r« s txont iun than piwa c«x)»onataa* Vlnoora<3oir 
a t an* (19Sa) ahowad t h a t both SrO contant ana ajcQ/CmO J ^ t i o 
f o r caxt>onata rocka ragu la r ly incraaMd tfUQing tha avolut ion 
aC tha aar th« 
Xn £x«ah irat«ra« 7urakian (i$66} r«^ortad ^pto 
of atrontiuai on tha avaraga nhareaa aehroli. a t «!>• (t97S> found 
i60««3i0 Aig/l i n r i v a r tmta rs , and Coi^land i^d Ayara ( 18751 found 
97/ug/ i in inland laka v a t a r a . 
Xn the pceaant «raa of invaat iga t ion tha at ront i toi conMint 
i a h i ^ X y v a r i a b i a . Xn r a i n watara of A m Itethura 
(Fig* 202 )# Bolandah^ir (f^ig* 204) and Maariit 20S) a» inoraaaa 
i n atrontium contant haa baan aot iead during 1976^76 from pipto 
t o S,62 ppb (S.02 ppb), 3««2 ppb t o t*2S psA> (4.03 ppb), 2*21 px^ 
t o 4#09 ppb (2«88 px^} and 1«16 ppb t o 4.70 ppb <3»S2 pf^ ) asecapt 
in laigajrh (Fig. 203) vhara a a l i g h t f a l l in 1977 from 4 * p p b 
t o 3*49 pslb (Tabla«CX2) i a obaarvad which f u r t h a r r i aaa t o 
during 1978* Tha aurfaoa and ground va t a r s on t he whola ravaal 
an incraaM in Sr contant in a l«oa t a l l pa r ta of tha araa undar 
atudy* ?ha th raa yaara wrarega S r eontant i n rain# aurfaca 
and aiib«aurfaica na tara coaaa t o 3*91 ppb« 1*44 ppm and 0*84 pm 
(Tabla«CZZ) raapac t iva ly . Tha awxiwm 6r contant i n thaaa watar 
bodiaa (rain« aurfaca« atA>*<>aurfaea) i a found a t K i ro l i (10*3 ppb. 
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In i^ gsm di»tirict« Buraul i - ia i i r ( lO . l ppm* ¥^X«-XXiZ) 
in Agr« dintjTict &ftAia>«d ( 7«e7 ppia* 7aibl««0CI»VXX } in 
mthutm diJitJcict f«»p«ctlv«iy mttd ainiamni iit Sliikarpur (0*0$ j^b* 
T«b3,««x3gezx) in Stilwiastuihir d i s t r i c t ^ o ^ i <0*06 
ttXso in SuittfiathiOir a i s i x i c t . itnd (0*03 jps»R 
in m e r u t d ia t i r ie t i a rain* su r face en<3 nt^ ^Om r^nSmcrn watar 
raapaotivaly* ahow the variation^minimua 
and laaxisMni in Sr eontant ot ttm var ious wat^r bodiaa in tha 
praaent araa tfi im'aatiQation* 
• Tha coomon sock aourcas of l i th iym a r e t he grani taa 
and g ranod ie r i t i c and gnaiaaoaa rocka (24 ppsi)* ahaZea (6$ £»PQ|}« 
aaa cZaya (S7 aandatonea (IS |i|»m> and carbonataa 
<3 tura ldan and MadapohZ 1961)« A S s t a t e d aarXiae* M S L O R 
por t ion t r a ce metals present in r a i n inaters may Ise derived 
from dust par t icuZates nihUe a p a r t oay l>e derived from the 
a c t i v i t i e s of man* 
Studies of Heiar and BiZZings (1970) and Chow and Goldberg 
(1963) revealed 1*0 yug/Z and 183 ;ugA of content in f r e s h 
and aea iratere respect ively* 
Zn the present inves t iga t ion i t was ( S e r v e d t h a t the 
hi content in rain* sur face end sub»surface waters reveaZa an 
overaZZ increase over the t h r ee year per iod (TabZe^ZZK trhe 
average hi content found t o be 0*94 ppiU 0*48 ppai and 0*48 ppm 
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XIX) in £tt4a* and n^dOMtiirfo^e i^itftr* tlic 
t h x m -ymmr per iod . Tfui aiiiiRnim X«i contcnt tionw^r^ noticed 
« t Shik«xpur <0.0d spb« Tiibie«scxx2K) ia BuXaadteh^ d i s t r i c t ^ 
Al}«r (0*05 ppnt TablawUiW) a l s o in SiaXandaliahr and Kithioi 
(0.03^^ Talkie ) i n Agra d i a t r i c t and laaxiBMm a t AkoXa 
( > 
O . t i p i^ , tat)la«jOOCVX} in hgsm d i s t r i c t ^ Amia Khuxd 
(2.49 psm» in BuXandshahr d i a t r i c t and Sadabwft 
( i .84 pi>m« TabXe-xifS^ii) i n m t h u r a d i a t r i c t in rain* aur£aca 
and auOaMattirfiace wAtaJta reapactivaXy. Thm v a r i a t i o n a t aixtinssn 
and nsximitm X««*X of eodocaatcatioa «£ Li i n these water bodies 
i a sho«m in 1^ abXa»Ii^ XX*IX3CVX and F i ^ . S06«-2X0«}* 
author^ «ho oionitored the liajnuna a t aairan po in t s f o r 
four years from ChtisprauXi (Mserut d i s t r i c t ) t o Bah 
d i a t r i c t ) eotrering a d i s tance of about .'400 lsat« not iced 
fXiactuating t rends in mataX poXlution in i t a waters» I t i s 
Observed t h a t the Kaauna waters during preoionsocsi per iod i s Xess 
poXXiited in «etaX content than during the taonsoon period 
(Ti^Xe-CV)« because oC the f e e t t h a t t he fXood waters during the 
iMansoons c a r e r «ore area and hence more aiixing of Xmmnm water 
with t he industriaX wastes of the surrounding cattahnent area* 
Xt graduaXXy subsides with the bottom soiXs a f t e r the moosoon# 
with t he n s u X t t the leamuna waters contain Xess mstaX content 
i n the pre monsocin waters* The vamuna water contain more Wm, 
m^ Crt no, Cu, Cb, AX« CO« Mi^  Sr^ U AND 708 s t ChliaprauXi 
in Meerut d i s t r i c t (TsbXe«CV) than sXi^tXy donn stream a t hoal 
(TabXe«CV), ind ica t ing t h e i r absosption by t h e bottom s o i i s of 
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ttm rlvmt t h a t |[«»ulted in atBtAJL d tp l« t i on ^ k w i & ^ ^ m * l^hii 
s o i l * coXXttct«d front the** «l«o atrctigthsii* t h* 
author** Q33«*nr«tioii* whleh mn lficr«a*e in th« iwt«Ji 
/ 
cootftnt* from Chh*pz«tai t o Ziofi^ (Tabl»«CVZX)« A £ur th*r 
iiicr**** i n thttse laetaX content ha* been not iced a t i k t a * «nd 
f u r t h e r ^ o m * t r e a « a t Jenrar a* i t p^see* through t h e i n d u s t r l a i I 
ooiqplfticea l i k e BalX^blmarli and t h e union 
t e r r i o t o r y of Delhi* which i a a lnoe t J u s t t h e doiible i n ca*e* 
of ecoe foeta].* (Fe, m* Cr# Mo* tii« and Co# TabXe^V}* 
&t %thurm* on t h e o the r ha i ^ a e i i g h t f a l l i n Bom of t he laetftl. 
c<Mitents of th« Yaonina waters ha* b<Nin not iced b u t t h e Yaimma 
bank s o i l * i nd i ca t e a h igher concent ra t ion in the*e n e t a l * both 
a t *7evar i n t he upatreaa and m t h u r a in t he down stream G£ the 
r i v e r . Fur ther dcwn*^treaBi i n Agra an increa** i n the content 
of re» Mb, Cr , No and z a , ha* been recorjided which f u r t h e r 
decree*** i n t he down-«trea*i a t Bah (Yable'CV}* Bank a o i l * a t 
both theee p lace* ind ica te a gradual increa** i n t h e i r Mwtal 
con ten t oirer t h e foar*year per iod (Table-CVXX)» S imi la r ly t h e 
pre»«Qii*oon muMtna water* coa t* in le**er inetaX concen t ra t ion 
than dur ing t h e iionsoons* Because t he r i v e r water i * m o f 
a g i t a t e d dot ing mmmooa and f lood ing t h e g r e a t e r p a r t of t h e h 
catclment a r ea where t h e induetriaX and agrlcuXturaX waate* 
g i t aiiated up resuXting i n utere* edd i t i on of mataXs dur ing the 
•UPiisoon*. The s o i l during t h e course of i t s eet tXing e t b o t t o e 
t 
a f t e r end dur ing t h e Monsoons car ry n a j o r po r t ion of t he se aetaXs 
and thus indirectXy a c t s a s water f i X t e r s , t h e r ecen t stiadie* 
( t« be piOiXislied Xater) by the author and h i s co-worker* and a l s o 
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thoM of CBSCHP (1976) «noif f e i r i y good qua l i ty of wsttttr rniisme 
Bfth (Agra) Kanpur becatui* th«r« i s no cnajor c i t y or 
indus t r l f t l emplmx t o po l iu t a the Ymmxm i««ter« in t h i s ra^ioii . 
Thm laetttla a l i r a a ^ c ^ t a i a a d in i t a iratara axe a i t h a r conauraad 
la^ tha naada or abaoKbad by e o i l p e r t i c i a a t o M t t l a ^mm aa 
bottoQi aadinenta* 
Tha r i v a r Ganoaa* on tha o thar haad* a ^ a a r a t o ba ieaa 
po i lu tad by laetals in t h i s p a r t o£ the basin* nooitori i ig of 
t h i a r i v a r ypto a d ia tance abo%^ 240 km oirar t he four^yeair 
period »eiraala# cmly S t o 10 iiiocaaae i n Pe# Mn, Cr# 
He* aod Co c<mt»fit ( t a b i a ^ W h wharaas in othara a aliglht 
dacraaaa has baeo notleed« ^ I b l y dua t o the ioee i addit ioii by 
induat r iaa oC tlm Conaer grou^ and abac»rption by tha a o i l a 
(Tabia«CVX) of tha l a t a r . f h a TOmmm on t ha otbar hand cagia ta ra 
a thcaa f o l d incra«aa i a aona of tha iwtaJL crnitanta (Tabia«CV) 
orar a d ia tasca of about iOO/ditring tha ama pariod* Tha l o c a l O a r 
induat r iaa and tmrngB- diapoaal in t h i a p a r t of Yaauxia aca tha 
Major oontr ibutora of Matala which ia gradually raducad/abaoxbad 
by tha a o i l ae i t pa«MMi dowMtraaaa through tha l eas peculated 
and i n d u a t r i a l i s a d region* 
Tha cauaa of contaaiiaatioo of tha Yinmmm water aoa t ly l i a a 
268 
In tlw! Inttfff tct ive or l t « ahwrnnce in most of the 
tcmm «i tua t«d on i t » bank in th i« rvgion. Around D«lhi 
«Xon«« i t * 17 drain* aoxm than 225 niiXion gallon* 
of m v ••mgit m& i n a u s t r i a l ir«*te m f x y <l«y* 
t tmm B3cm 32, 000 indun t r l a l un i t* i n D«ltii alono, the 
po l lu t ion ca\i8«d by %hm i * only 3% of tha tofcaX. 
V3em the foragoing di*ca*sion i t may ba amnsQarlsaa t t ia t 
the variou* watar bodia* in the c e n t r a l Oai^-IRmiuna baain h^va 
baan po l lu tad by tliaaa d i s t r i c t soiirca*# nannaly* tho aawaga 
diachargi (vhich in BNiiority of caaaa i* untraatad)^ diacharg* 
from the induatrSal traatae and runoff from agricultuTBl land* 
draaaad with f a r t i l i » a r * « ttha nature of rocHa and* saiaaraX* 
praaant in t he drainage area a l ao p o l l u t e t o aona ex ten t thougli 
i t «ay be loea l iaod through the cc^ocantration of diasolvad 
• a l t a p resen t in th« r i v e r water* of the airaa under «tudy* 
The topography and cl imate of t he era* a re a l ao of conaidarabla 
i ^ o r t a n c e bacauae th4^ foamier datarminea the time of c«<ntAC^ 
of water with the rock* and the l a t a r inf luence* th# intett*ity# 
frequaney and durat ion o£ ra^infallf temperature etc* The c l i tMt i c 
conditiona thu* a i f e c t not only the weathering of minerala but 
a l ao the weathered product* which i n t u m would a f f e c t the 
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•o i^ t io i i and chftmisosption «if varicni* ion«* 
The studjr «rca ccfvms the nor th-mtf t t t rn p«3rt of u t t « r 
Pmafttfh and par t ! oC imih l s t « t « i a one of tba 
f a a t da^altiping iii«ustrlaX iml t of a o r t h a m Indian t l ia 
induatiriea vhich h»va oom cacantJLy include t t i ^ a c t 
chemicala* ayn tha t i c poXjpmtm, mtmX fotifidrla« and m»t»l 
proceseljsQ ijciduatriaa# ttiarmaJL potrar houaaa and patroiauia imfinaxy 
( t o comft v^ s h o r t l y )• Tha indua tc ia l «matea# thiia# aira o i 
va r i ad typaa ranging from pl&ota process ing augarcanaa* acida* 
al)(aliaa# tara# iaorganio toxl«s atibatancaa auch aa 
cyinidM^ aiilphidaa^ aya tha t l c datargaata# o i l produeta , r a d i o * 
ac t iva traataa« waad kiXiara« f a r t i i i « a r a # paa%loidaa» wi^taa 
from n a t a l iforkc» £ron fovmdflrlaa and a t a a l r o l l i n g milla* 
motor i rahicles a te* Haatharing of lainarala and rocka (Aravall i* 
Vindhyan and ftivalik formationa) ia a l ao r a ^ n a i l s l a i n t ha 
add i t ion of aodw i M t a l l l c and xion«aiatalliC! iona p a r t i o u l a r l y 
in tha nor th«aaatarn and aouth«4«aatam f r i a g a a of tha atudy araa* 
Baaidaa* tha i n d u s t r i a l and a g r i c u l t u r a l waataa and 
unt raa tad aavaga dUHipad i n t o r i v a r ]»y urlsan populat ion a ra 
th raa t an ing tha haa l th of » i l l i o n a / n t r a l Sodiana. Horat af f ae t ad 
ara tha r u r a l inhabi tan ta of tha Oanga»%usuna baa in whoaa 
r i v a r a c a r r y about half of tha t o t a l aawaga disehargad by tha 
north Indian c i t i a a , and tha r i v a r Oonga i a undar tha aavaraa t 
p o l l u t i o n a l a t r a f a in i t a down atraam in tha country (CBfCNP, 
Mpott, 1979 h althaufih in t ha atudy a raa i t i« l a « a t p o l l u t a d 
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ttt pc»*«iit It a U o t h « t only pfm» 
t *n th of t he $40#000 vUXag** in indi* have p ro tec ted v e t e r 
•Mpply end the xeet of t he 90X depends on na tu re l ireter eoureee« 
t h e t ejre inexweeiagly po l lu ted by dotaMtie end i o d u e t r i e l 
w«etee f r m el.tie«« 
Studiee toy CBICtf» (1976) innreeled t h e t th« l e t e of 
po l lu t ion in the r i v e r if^nnaie i s f e e t r i s i n g fiom 5 t o lOK d\iriii9 
the sijKtiee t o 20 t o 2S9& in t h e seventies* sttid^ a l s o pointed 
out t h e t th9 %uaiine %iater oonteins toxi« sisbstences l i k e ersenie* 
chxomiUM* lead and selenium irtiich ar@ h i ^ l y U s u r i o u s t o h e e l t h . 
Beoteriological ly^ the immune water hee shown en f i ^ index of 
^ pet^ 
c o l l i f o m l»eeterie exceeding 2^/ lOOal* f h e pesmissible l e v e l 
of NPH indSK of co l l i fo rm i s s e ro or l e s s than 1«00 in t r e a t e d 
waters and la per 100 ail in raw waters . The cheoiical ana lys i s 
of the ^touna r i v a r waters f o r fovir consecutive y«ars a-/of 
ind ica te t h a t i t i s one/the worst s f f e o t e d r i v e r s in nothern 
India as rsgards a s t a l po l lu t ion i s concerned (Table««V)« The days 
a re ne t f a r when i t w i l l be converted i n t o another fUiine r i v e r 
in eouth Asia* 
The chee ica l r e s u l t s of the t iater saniiiles co l l ec ted from 
raia# sur face and si^«*surfa«e water bodies of t h i s p a r t of t h e 
basin a l so indicate a s i g n i f i c a n t increase in the o s t e l coota»ts 
fifrer t h e three«.year ( l f7i-7d> per iod . I t i s gsnera l ly seen t l ^ t 
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tim arwia vhich t o tbm in^lMttiml and coot 
yaa i r thm eotaouu^ "Wtmam ri i r«r ^mOmim m f mtmX» i a All 
thii thx«« «f«t«sr bo<ii#c th« mptM of mrnmt (loiii« 
B a ^ a t and ahmfiiabad* Ti^la X30Q£, XOT and ]«}# maandahalir 
mew CKbla ana Jaifar# 9abltt<.dOCXi9C« and XLDC), iiittiura 
(8aiiJlia# xi^ ZS and x m x n ^ ana a ^ A (S ic l^vr i . 
Itisia<%»'dr, nualhai and Shaaiaal>ad# XI*I» end x w i ) , 
ifliicli ilA vary cioaa t o th« t i v a r Itarnxm and 9om of th« 
indua t r l a l coni>->-«xi:a of tha rmgioa aora o a t a l a in t h a i r 
rai&# aucfaoa and ai^^^tirCaea iratara* I t was e lao noticed t h a t 
tha varloua watar t>odia« (irai»« attrfaea and ground iiiPtara) on 
both tha aidaa of t ha r i v a r Ki&siitna t o 20 t o 30 mllaa ar« h i ^ l ^ 
poii i i tad in alsioift a i l tha inataia analy«*d bar ing the aluminiwa 
(«abl.aa^ZZ» CXIXt and f i g a . At plaoaa tt» anny&l 
inevansnt in aoraa of tha na t a l a la qu i ta high* On tha avaraga 
i t va r i aa from iO«*iS p a r c m t annuaXX:^  bes idsa , a m j o r por t ion 
o£ thaaa p o l l u t a n t s i s abaoxbad by tha s o i l and p lan ta of tha 
sagioii* Tha concantiration of major i ty of tha a ie ta l l i c ions in 
thsaa watajr bodias ia niueh abonra tha praacribad l imi ta f o r t h a i r 
Various uaas* Tha i l l a f f a c t a of 9om of thaaa p o l l u t a n t s on 
tha hiiaan baings p a r t i c u l a r l y in tha 3oiith«ii«aBtam p a r t s of t h i s 
baain ara q u i t s aignif leant* Zn othar araaa i t ia <auita lilcaly 
t h a t tha a f f a c t a of aoma of thaaa po l lu tan ta could ba d i a c a m i b l a 
l a t a a l M thay hava davalopad iniatunity t o thaaa toxlemata t o aooa 
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• x t e n t . Cn th« n a j o r i t y the •ilmcsnts in t h i s p a r t cC 
th* bwiin cottia b« m i n l y ascribwd t o th« m^ptAJShlm qtsftlity of 
t h e t h i s pas t ef t h e b«»ii!i* 
From the m*t«Jl conc«titratioii vi«w point* th« temunti comnwid 
Bxmm c m l d be divi^Sttd in to thr*« group* <i} the eactrviiie aoufeh** 
neitteni and nor th-eas tern perts^vhere a graduel i{K;re«9e in the 
ooneetitretiun o£ te« Cr# Ho* ivs weXX t h e i r etiexitiKitQ 
content i« tound in t h e i r ver ioue water bodies and Heerut 
d i s t r i c t s , Tables KCXI» m f and )CVZXX and F igs . SSi«»170#and 
and 2$9»370) because oE the predominance of i ron faundrl/es» 
s t e e i and roXXing mi l l s in t h i s region* (ii>» t h e eentraX p a r t 
%mere t h m e i s a tiaxifiiiara content c£ non«£errous lostals because 
of the ioeat ion of nore aon-fer rous awtai based indus t r i e s 
and mare supply of sawsragewsuiiage and usban runoff from mosm 
of t he biggest c i t i e s (Oel.hi» Qhi^iabad* Paridabad e tc*) in 
t h i s p a r t ot the stu<^ area (TabXe«XCVZ«CIXI and f i g i * I f ^ 
aeo and lOMlO), snd iiio, t he north eas te rn part* excepting 
soine loea l i sed i n d u s t r i a l pockets in western p a r t s of Meerut 
and Bulandshahr d i s t r i c t and l o c a l s o i l conditions* show a 
slow incrensnt in the metal concentrat ion (Table«»]jXy« ZXVZ* 
uocix, isaof and ixxvz* and f i g s * 151^210}* I t m» a l s o cbaesved 
t h a t the environiaental condi t ions have a d i r e c t bear ing 
on the var ious water bodies (especia l ly r a i n and sur face) 
of the region* t h e year I f77, in t h i s p a r t of the bas in a l s o 
reveal a f a l l in the laetal concentrat ion in thess ( ra in and su r f ace ) 
water bodies because the re was a general i n d u s t r i a l slunp in t h i s 
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p « j r t a£ t h e country d u r i n g 1 9 7 7 d u « t o c h a n g * in t b « i n d u s t r i a l 
poa.ii:y o£ tbe gavmmcomit^lmbow: umrr fit imd shor t sijpply of tmw 
tQftt*ri«3.» r a s u l t i o g in th« X«s««r production o£ i n ^ t r i * X wMtoa* 
On t ^ othttr handt th» Area* which «r« aKMtXy ranchiirgftd by th* 
r l v « r o«nga» and mom o£ i t s t r i b u t r i a a and lamoanga) Xika 
H a » t i i i t ! p t i r « Ouirhmlctaahwar CtiMirut d i a t r i e t ^ «i 
I^ibai and Ubehagacn <atil«&d»hahr d i a t r i c t « tabla-^QOCXX, 
a n d a n d B i j a u l i a n d O a n ^ i r i ( i a i « a r h d i a < & r i c t , T a b i a s ^ i s u c x v z i x * 
XI*W and XltX^) a rc l aas pdXlutad in t h a i r Excapt 
f o r the Xocal gaoloQyt aoiX^topography and cXi-natic conditicms 
l o c a l induat r iea and a^rieuXtural Inputa ( f a r t l X i J i c r a end paitftJ^eidaal* 
- a . » 
tha acaa in tha c a n t r a l p a r t ia l eas poUutad in raataXa u p t i l l noif« 
But if t h i a pace o£ indiiatriaX davaXopt&ant and exeaaaiva uae of 
£*rt iXisara and pact ie idaa ccotinuad the daya a re not f a r off vhan 
the inhabi tanta in tha induatriaX avdoiistoa t r i l l hava t o aaaJc pcinait 
t o inhala f r a a h a i r a t mom h i l l a t a t i o n and have; t o inicrort watar 
f o r dx inking purpoaaa* Tha agony doaa not and hera« incraaaing 
a t i l l b i r th« latBtally ra ta rdad ehiXdrtn* laiXf oraat iona in tha hunan 
body# anaania and sientaX diaordar aXX can ba a t t r l b u t a d t o tha 
•xhauat of tha autoMabilaa* vhan ona conaidara tha 240 tonnaa e i 
CacbMaonooeida^ 30 tennaa of hydrecarbona* ttro tonnaa of aulphl^r 
dioKida and about 20 tonnaa of OKidaa of nitrogan* eiit^ttad da i ly 
Yug tha Maw Dalhi*a autoanbilaa (ChandraahaKhar* 1979 )• 
Tha r i v a r tmmmm and tha atmoaphara of the aMigion era 
gat t ing po l lu tad day af t a r day#vhich in turn po l iu t ing tha 
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r w i a m v M s bodi«s in t h « i r ccaamnA* <3hiii»Mty» o£ fiMm 
Onlhi ' s th)r«« p lan ts «iiiit «bout taiii»» a i 
f l y tmh da i ly thus aggrivfttittg th« •tmosj^wric po l lu t ion 
«9()i«iiiit from atttoQiobilM ana otl^Mt iioAiictriM* It i9 ttmtmterm, 
t h a t th« ehiiiMys oC thM* thftiRMil pl«nt« b* SkiMidi 
from the preMiit eoa t o 120m m d ttl«o t o ina t f t l l tim • l ^ e t r o a t i t t i e 
V 
pjf«o|.£»it«tm and fixing of iodlginou* «»h 
ft 
•otof^  s o r t of ooQtrol on rnntimtoilm «3chat»ts* Xa ordar t o aiiiiimi«« t 
t%4 po l lu t ion in thtt Khnusa riv«ir# i t ia auggestad tluit inssftdiata 
/ 
^ a c u r a a ba takan t o t r a a t tlia aul lage a t var ious po in t s in a l l 
tha c i t i a a and indua t r i a l town* t b a t ara »i tu«t«d a t i t s batik* 
1% i s obsasvad t h a t f i s h ma& other organic l i f e i s f a s t par i sh ing 
frcxti tuam o£ the f i s h i n g rasor to in tha l&mmm ocwamand area* 
insM^iats nead is* tharafoc«« t o i n s t a l l low cos t traatmant ^ m t s 
by s t a b i l i s a t i o n lagoons of su l laga a t d i f f a r a n t po in t s instaad 
of diree% disposal in tha Yiatmna watars . Z4n»d channals f r o n 
9ts i»i l i«at ion lagoons could a l so ba tak«a t o tha a g r i c u l t u r a l 
suburbs so t h a t p a r t of i ndus t r i a l and s^waga a f f l u s n t s could 
ba u t U i s a d £or i r r i g a t i o n purposas a f t a r « thorough study of 
tha o s o i l tex tura and i t s itinaralogy and propar erq;> r o t a t i o n 
patt&im* Tha f a r t i l i t y of s o i l in most of tha sciith^iiwastam p a r t s 
of t h i s basin which i s i n f a r t U a a t prasant» t o a g raa ta r axtant^ 
thus could ba incraasad by tha appl ica t ion o£ tha aff luants which 
night ac t as t raca nu t r i an t s f o r aosna orops as s t a t a d a a r l i a r * 
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w^m mm 
vector iM m of iBUltiv«ri«t« c t A t i s t i e * t N i t 
rm» b««a mmA ana by PBythologiMtm^ « 
pr inc ipa l mim t h U «ti«l.y»is i i t o v#duc« t)s« COM|>1«x p a t t a m 
of conra la t ion matsam^ av^y variatolaa t o aisipla aata cxf r a l a t i onsh lp 
aimgnit f a n a r var iablaa* Tha principal. cocitril»iitcMr» of t h i a 
thecary iocluda ixaaraon (t90l)y Spaarraan (i904)i thiiratoiia (1912) 
a i ^ {{(^ifigar (i944}# Whila a ooi^rahaiiaiva moOmxm aceomit oan 
tm found in Kaiaar ( i9St} | HansaQ (i960>f C a t t a i l (1965) and 
Spaneat But now ^ o i o g i a t a ttava t o uaa f a c t o r 
atiaiyaia as an a id in th« in taxpra ta t ion of oonplioatad prctoiaMa* 
Hira t (1962) appl iad tha tactmiqixa f o r ^aochanicaJ. r a l a t i o n 
o£ varioua aianiaiita« Xaiktria and UNtrdy ( i962)i KrtaiAiain and 
Xotoria (i963)f Epancar (1966 m,h) and Camaron (i96a> t o Sadimtntary 
pr<^ia«iat Raavaa and ftaadi ( i97i} and Khan (1979) hava uaad 
i t i n connaetion v i t h tha ganaaia of phoapliata baar ing a t r a t a* 
In racant yaara^ the f a c t o r anaiyaia tachniqua haa hmn 
uaad by tha hydrogaoiogiata^ hydrogaochaaOata and mmiroomntml 
a e i a n t i a t a vttravaiuata hydrologioait t iatar qual i ty* cl iamtological* 
land uaa# tcpographio and othar n m poin t aourca and point 
aouroa po l lu tan ta t o hava an in«dapth analyaia m both tha 
quan t i ty and qua l i t y of tha data (Dandy and rath« i9«7i Spanear« 
19C7« Hifcehon and Xroitaa, i973i Hitchoo* a t a l . i97i# Madar , a t 
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1972f • t 1975)• 
T)t* f a c t o r m r proe««d l»y «3i«iiiiliig th» rclat ioiuihip 
|}«t%nMii (R«»iiio<bi) o r 2MitiMi«n •itai»X«« ((Mrad* of 
bixt ttwxiv w a y i^h* btitiMMii v i i r i ib i«s «r« «x»miiMidt« 
FurthMBioiw* i t w should oMtitloiMidt t h a t t h i s mmX'^iti in no 
m y n^ IaCM i A f ^ ^ m t m t i m * i t msmXy wwmAilm* tha d»t« i n 
nor* is t«xpi«t«d f oc»« 
fttotor. mmkXy»l» iwrelviag « i a rgs nunibar of v a r i a b i M 
ia only v a l i d with tha a id of a h i 0 i ^c»aad a l a c t r o i i o ecnputar* 
For t h i a atudy tha program iiaad %faa an XBiy iao)uiga program* 
l i a t i n g of i ^ ioh ia givan in Vabla^CXV and iias providad tsjf 
ooi^utar oantra« AligarH* 
Aaamoa a ^ a r i a t a ayatam XI, aaoh obaaxvad 
on *ii* individuala* if ia tha J t h obaarvation on tha i t h 
individual* tha var iab laa can ba arrangad in a s a r t i x of dimanaion 
was9 4ind can aaa i ly bm aaa ipu la tad uaing tha ru l a s of laatrix algabra* 
If i t i a poasibla t o daf ina tha ayatan with laaa than P 
v a r i ^ l a a i t awana t h a t aona of tha var iah laa oniat lae l i n a c r 
ooRi^inationa of aooia o£ tha o tha ra . Howtrar, i n ganarml* i t i a 
not poaaibla t o af f «ot a radtietion of t h i a aort* p a r t l y baeauaa 
of tha a r r o r f a c t o r imrolvad* 
Vaetor analyada aaaumaa t h a t aaoh variiO^la Xi can ba 
aiipraaaad in tha f o m 
*i - H ^ i ^ •ia'^ »i« V • i 
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^ r * tYi« f i m f coamm f a c t o r * and the « i t ittdie«t«» 
ttm K^ltifm iiiport*ne« o£ the ccmmn f f tc tor f i * A eoomoii f a c t o r 
m tmetor t h a t prm»mnt In aaeh var iab la . AH^ i s • f a c t o r 
t h a t i s unlqua t o t h a va r i ab l a q i t a l t i w . 
Moat ptdblmm a ra coaoamvH O N L Y with tha C O B M O U f ac to r s* 
Bvcauft* tha r«a4insf an t so «rraii0ad t h a t t h e va r l ab l a o£ th« 
• a r i anca of «tteh <ir«riai»l« ia imity< tha sum o£ squares oC th» 
eosff i e i a n t s of ^ l a cconon f a c t o r s f o r tha v*riazica o£ t h s t 
v«riab].« aaA i s Imoifn as tha ecnH»ii»allty» 
Thtt d i^as ionaX raduet ioe i s ca r r i ad <Mat in an approKinata 
way by choosing tha f i r s t > f a c t o r s o t h a t i t accounts f o r tm 
ssmh of t h a var iance as i>6ssibXa and than chooaing aach succaading 
f a c t o r ao t h a t i t a i s o aceounta io^ aa much c^ tha var ianca aa 
poasi]»la and i s uncorralatad v i t h a l l pracaading f ac to r s* t t 
tha f i r a t tmr f ac to ra account f o r a Xarga proport ion of tha 
v a r i a t i o n i t m y ba poasibla t o ignore the r a a t . 
The R«4Koda of ana lya is procaada f r o n an anaiyaia of 
c o r r a i a t i c n Matrix where t he prodiaot««iasent c o r r e l a t i o n coaff i e i a n t y 
betwaan Xj and ia given by 
" k i - V 
^ j k -
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corriil«tlo& conffislAXit im m imasurtt of. t h* lixmiae 
/ 
btttiMi«n tiio and itm ljUi« b»tw««ti 
tnd «>!# dtiMiDding on wlwthMr th* ir»jriiil>l«s tuem 
•SWpathttiealXjf or Aiitlp4ittMiticaXly» 
M t « r the var iabi** eorrttupoiiAiiigi moat oloaaXy t o tha 
f a c t o r m m hava baan dtttasmtnad* thay isuat ba iii taxpr»tad 
Usmmtt b«eaii»a tha nvnibara o£ so lu t ion &St tim 
f a c t o r *nal3f*ia moAml ia uauaily i n f i n i t e ^ e a r a Aitat l>a talc*n t o 
aufbatantiata a l l coneluaioiia a r r ivad a t ao la ly as a rwauXt of 
of t h i s sor t* tharaf ora i t ia not a wiaa atiip ^ ecu^piotaJLy 
Isata on tha a t a t i a t i c a l aaaiy«is« 
Xn ^ a f oro«^ing pagaa ftn a t t a q p t has b««n aiad* t o w l y 
tha f a e t o r ana lys i s on tha theaa yaars avsxaga chsmiesi 
lOsta obta ins^ from t h s aba iys i s of rain* surfaca* and sid>>«itrfao« 
vft tar saspl.iis# 
irh* f i « t o r ana lys is was e a r r i s d out «taing tha 
f a e t o r scoras front tha variMSx so lu t ion of t h s ehsn i sa l d a t s 
cons i s t i na of tiranty s i x va r i ab la s (Tabias^XXXVM)* 
^ i f f s c t of Factor Analysis Cte Rain K a ^ r ^ t 
xa ordsr t o daal^ v i t h tha data f o r f a c t o r ana lys i s f i r s t 
tha swans and standard dsviat iona vsra ca lou la tad by using t h s 
fol lowing forsKda f o r tha da t amina t i on of tha standard dsv ia t ion . 
II «• Z 
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t h e v«iu«» «£ iiK«iui and •tandaurd dsvia t ion* oi th« i« 
•lemuita ecte ^vmn in Tmblm-CXW^ 
92ESBMam aiSEia* 
f h i eorr^lAtion mtwiM ^Ivvn in Th* 
vft luts th« prod«ct*<aotwipt corirttlatio» cot t£flci*nts ( m 
pgmvioLmXy d»fin«d)« 
Th* icoutmd £a«tor miitriii ia ntwmi in f&blc^fm S ix 
f a c t o r s h « V « IMMUI mctmet^d firom the e€>i:M&tim mttix mn4 thm 
^ . a . . . . . . . 
ctomsiKMUt with thft groutpittgs pmaan t in the i^ t i i (Fig* 371)* 
gcoup«d v f t T t h a t eors«»pez»S most eioa*!]^ t o any 
piurticuXar £ector ax i s may b s obtainsd tay seanni&g sach oolunn 
oC t h e ioacttx f o r t h e h i ^ i e s t traitiss* Xt oan be seen t h a t factoc^Z 
taay be represented by v a r i a b l e s BG^ AiO^** fe# J«i# Cr« 
m ^ M , Co,Hi and i factor<*a by HCO^ * Cl^SO^* Ca« Kg* 
Kt Toa and BC| f a c t o r - ! by ftO. Hg, K* Zn* i ^ t &r# Li» and SCi 
£actGa^»« H0| ftio^* Mg* and fac tor^S by flCO| ftiO^f 
Ca« Ha* K# x«i# and EC and f ae to r - f t byt so^ and r» 
rho co lmn headed by eommuaaiity, indica tes t h a t propor t ion 
i 
oi t he v a r i a i ^ i t y of any p a r t i o u l a r v a r i a b l e ha* been ej^plained 
by the s i x f a c t o r s , Zt i s obtained by squaring the absolu te 
values in e«oh row (e*g« a conmanality of 0 « i i f o r v a r i a b l e ICO^ 
i s obtained by adding (O^U)^ i-
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>m cat! b« •««n f «'oia t h* aw«ii» (T«blM«CKIV) 
ymtUhXm» MCOy Cm, f I B Aoa £C d«t«mijMid AXV if» «igf}lflc«iitP 
amount* while other «r» l e s s si^piif icsnt* The higih 
s i ^ i f i c s n c e of s u r l i e r f o u r elements sisy poss ib ly due t o t h e i r 
cofsnon so i ree of lilds €t(m foundries siid ooi^oeate is ieers l 
based i»di)fttries« in the sttady iu»Ni« 
The c o r r e l e t i o e o o s f f i e i e n t metr ix ( Teble«cvxzi) s h M 
high t o moderate posit i 've e o r r e l s t i o n %fith o m another «ihile 
negstiire e o r r e l e t i o n i f «»eists jbeta^een any two i s of low values* 
K i ^ iso^relstion i s obtained bets^en Vm/m, Ve/Cr* Fe/%io 
fe/Cii# Wm/im, Vm/hXt end Ve/lii as well the eleioents liSm 
m , Cr# Cu« ito^ Al# Co* a r , end t c s , a l s o show h i ^ 
p o s i t i v e eorre le t ioR with Mn« Cr« Ca« Za, hi, Co, 
m, sr« hi, Tcs end «mile Hi, shows negative co r r e l e t i on 
with 8r« TDft end XC« 
Six f s c t o r s were determined saiongst i ^ i e h t h e f i r s t on* . 
hes bhe h i ^ i e s t losdiagv* 
PSk ^ P ^ . m ^ m u f « c t o r ^ l hes hi^jlh 
lo td ings f o r elements W , m , Cr# Mo# Cit* Sb* AX, Co end Hi* 
l ihi le iioderate pos i t i ve f o r SO^, Bio^ end l*i» hence i t i s 
e s s e n t i a l l y s honopoler f ec to r* 
Kmw^^r^mly ^ fftKftfn 
Fsotor«»a i s e very i n t e r e s t i ng f e c t o r containing e l l i t s 
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lc«<aiik9> i n iMigaitivc ir*lu«» h*nc« i t i« « hoiaopoX«]r mgvtlrm 
/ 
tmetoTrn hAS high Io«<3iiiios f o r •l^mntB CX, jig^ Hft, tm 
t^ilv* pHt iCVj and SO^ aim iaod»jr«t« vtilUM* 
Thi« f a c t o r pos i t i ve ioadiio^ f o r Hi^ 
Sr , end low pos i t i ve f o r lig« «od MtngX^ 
mg&tive loading i» foimd f o r potassiott* 
u l l r f f f t t f m i y 
This f a c t o r a l s o ahowa t^ga t iva loadings f o r moat o£ t he 
•lamanta (N0|» ftiO^t and Id ) a x c ^ t * Mg» idiich ahcma pcsittvm 
loading only* 
i f s ^ f t g r M i y .tmm f^vmly* 
Thia f a c t o r has higfh poa i t iva loadinga f o r aleinant St 
while HCO i^ SiO^f Ca# K and Li , ah«»r aodarata p o a i t i r a loadixi^* 
iia and ZC on tha o thar hand f a f l a c t nagatiYa loading* • 
yiff^wrlHrffy t^^ rmM. 
9hia f a c t o r again aho^rs only nagativa loadings f o r F and 
ao^ in daeraaaing ordar of iraluaa* 
(1) taetor«»l i a tha on l r f a c t o r with a l l tha poa i t i va 
loadin9i and ia ona of tha moat inpor tant f a c t o r which con t ro l s 
lauch of tha var iaaca of m, W9, Cr# Me* Cu» m* Al« Co, lli« hX 
and fto^* 
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Xt ir«pre»«n;ts th« we«tlt«rin9 of rot:kM rich in ferrous 
mtaXe po»«ib2,y the f«rru9inoui» oanaatooMi a&d sMUigknid** 
Ix; tlt« A m c l l i iiisil tx>ck»* of th«p« tmt^ 
I 
night hirve also b«4m ecmtirlJbttvd by the iodttstriftl and itxiaftii 
A/est«S U S U S L L Y in th« variotift %rat«jr C O U T M S ana on the 
•uxfaea 9QiXm» 
(3> l*actor*2 $ ar* •ssttntiaXl.y the negative honqpolar 
laetora and control the SMpply of loost of the non««atailic icn« 
(HCO^ * Cl« ao^, Ca# Mg* S ana f} and th6 pH rain watara« 
I t ««pr»8©nt that tfeufy hav© baen darived froa the weathering 
of non-*cal.«aireou8 rocka pooaibly the and other argilXacecua 
xo«tka# avi^oritaa and indiiatrial vs^tm* 
(I) factors*^ Gcntrolff the avppiy SB* iti« Sr and hi 
and loir positive for SO^  and i^ g and tharal3>y infXuanca tha alwrrtrical 
conductivity of rain vatara* flia ooaX f irad aiactric poiiar pXanta* 
brick tforiui and rafraetory induatriaa loay hm poasibla aoureaa 
for tha high Ni and 80^ oootant in thaaa rain «#atar»* waathtring 
of granitic rodui* ahalaa and ethar argUiacaeus oatariala thrcmgh 
•oiX iMiat Hava contributed 8r and I.i aa particulate to tha 
ataoaphara* 
(4) 7ha boron supply tfactor^oS) ia linScad %irith tCO *^ ^iO}' 
Ca* U , Ha* and sc« xt alao influancaa majority of a<mi«atallic 
iona in rain watara* auggaat a mixad carobaata rocle« 
coal uaar indvwtriaa and avaporitaa aa aoiia of tha poaaibla 
aourcaa* 
289 
mmim, ttM&txOt dmiMtlom and corJc«l«tioi» 
wire atttesisliitd t h e viMii* mmi^mt f o r th« tmia m t m moA 
mxm givn in ana CI3C jrwipaotivaXy* 
The ir«(t«t#a siiiuriic i» shmm in f«bl.«»CXZZ« B i ^ t 
f a c t o r s have bc«B nxferacted from t h e c o r r v i a t i o n a i t t r lx th« 
h«s b«>«m r o t a t e d ao t h a t th« a i ^ t IndapaiKSaiit f a c t o r 
ajsaa csorraaposd i^ith t h« grouq^iogi (I'i^* 37a )• grouped 
t h a t c o n r a ^ o n d moat c ioaa iy t o any p a r t i e u l a r f a c t o r 
axiii may tm dbtAimd by acanning each eolmw!! of th« m t r i x f o r 
t h« highaat valuaa* I t eould b« aaen t h a t tmctm^t, my hm 
rc^raaantad by vmriabXe» plf# Sio^ Wm^  m^ Cr* Mo* Cn, ft^t 
Zn$ Co* aaid Hi* 
f a c t o ^ a * by the loadiitga of fx:0|» CI* Ca« Kg, m , 
Ftt« Cu# dfld T13&* 
factora**) by Cl« B^  K« Cut f b , and 2a 
Factor*^* by pii« Mn^  Cr« Mo* Cu, and Pb« 
yactot>.9# Iqr sx* «nd Li« 
ractor»<« by tfO| and 
Vaoto]p<»7» ^ and lji« and 
factocw4l« by ftiOj* Cii« m , and 
Tha coluRin haadad by eomatunaiity ind lca taa t h a t p ropor t ion 
of v a r i a b i l i t y of any p a r t i c u l a r v a r i a b l a haa baan axpXainad 
by tha a i g h t fac tor*« 
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P^cuaaions thm thm mm th» •l^iMiiit* 
in thtt «urfftc« Zl; I s notlcftd thmt •X«aKnt» ICO^* 
TIB ftnd EC in • i g n i f l « « n t Amount** th« oth«xt 
four «X«3Miit« sMiy b« t o th« iscMa«« 0ut«|»ttt o£ trft«t«» 
iUx^wa^ or z n d u t t r i a l ) conta tn ina tti«s« 
cor£«lmtloii Qo«f£ielttnt a a t r i x CTabl««CZ3C) ^gatin 
Ahofw the sftoMi pmttmm o£ t h * i r c^rrttSAtioo in r» in wat«r« 
i««» ma»t o£ tbm&m 9lmmnt» show th« oorml'StioR mtong 
and whsre^vjt i t i s ncgfttiv* th« viilu«ii lire zauch I<i»s t o th» 
m t e a t t h a t h«v« no iafluisnee* On tho oth^r hftna F9, m^ Cir# 
MD« CUf Zn* AX* Co# Sr* I«i« snd ^XB »hoir hi^h p o s i t i v e 
loftdincta with one methmr* 
J toMBEi^sMausOif f i t f iEa 
iChis f a c t o r he» h i ^ pos i t i ve losdings f o r Co# Ftt 
«nd ite* aodiirsts t o low f o r Cr« Mo* Cu, ftiO^ and B ana 
nsgative loading f o r pH» H»nc« i t i s naiMd f o r th« eoMil»in«d 
o f f s e t s of th« oisnisnts Co* Hi and Mn« xt i s a b ipo la r f a c t o r , 
r t e t o r - a ^ o r suiphata . soditat and ghlorida a ipply 
Bar* again as f o r r a in «atar« tha fector«a« shoM* nagativa 
loadings f o r r m , tki, pH, t co^ , CI, ftO^* V* Ca* Hg* and Cii« 
A l t h o u ^ , TfiS posaaasas the highaat loading and SOu Na and CI 
cosiaa a f t a r i t« t h i s f a c t o r has baan nanad a f t a r tha i a a t t h raa 
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of the f a c t t h a t Tca mn «tid product of conc«iitcmtioa 
of v&xioxm soXidB* thus naming « f a c t o r a f t u r i t w i l l ca r ry 
jLittXe aignaificance* 
yacteg*3>^or tm aupplv IWMiaaimB 
Thia f e c t o r a l ao ia a b ipoior f a c t o r ahowlng poa i t iva 
loadinga f o r alcmanta CX, Mg* K^ Pb, and Zn# and na^ativa 
loadings f o r pH# SiO^, B, and Fa. 
Chrpm^iim. yupp|y 
Thta f a c t o r ahoira poa i t iva loadings f o r a l l of i t a eleeaanta 
and ia a homcsMolar f ac to r* Tlta alaitwnta flo« Cr« Ci»# Ka« Pl»« lund 
pH hava aignif leant poa i t iva loadings in t h i a f a c t o r , 
H n P ^ r ^ P ^ StrpntjLua aupp|y 
^Phia f a c t o r has poa i t ive loadings f o r t he mlemnts 
atrcaitiuro and l i th ium and ia a lao a iKxnopolar f ac to r* 
Stytffff-'iH^ffiy.i^^a^i^fy fftfpMy 
iThia f e c t o r haa only ona high poa i t iva loading f o r 
n i t r a t aa and lotir poa i t iva f o r HCO^  and nagativa loading f o r 
^It torina. I t ia a l ao a b ipo la r f ac to r* 
y a c t o r ^ 7 ^ o r tha a l a c t r i c a l conduct iv i ty 
Thia f a c t o r haa high poa i t iva loading f o r a l a c t r i c a l 
c o R # e t i v i t y and modar«ta f o r h i and low nagatlva loading f o r 
i luor ida* 
F te toryg- for aluainium aut^^v 
Thia f a c t o r nq^in ahowa negative loaoing f o r tha alemonta 
Fa, Cu, Sb, Znt and A1 and lew poa i t ive f o r S iOj . Aliminium 
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contain the most e i g n i f i c a n t loading !i«ik:« I t has been 
mmA £or i t . 
syssBftEy* 
Eight f a c t o r s (Fig* 272) wtxm aeaucAd f a c t o r ana lys i s 
t o account £or tuanty s i x chesnicaX va r i ab l e s in t h e sisrfaca 
tfatecs* Factors and 8 stand f o r the su^Xy of rnQjorlty of 
t he loa ta i l ie ions (sri,Co«Mo«Cr and and the pH. 
Factor«»2 and are r«,8jpc»aibXe£or suXpha^e « sodiiua chXorida 
and n i t r a t e supply* Ihus theso f a c t o r s Ktand f o r the supply of 
major i ty of the non<«tetaXlic ions in these waters* 
Factorw3*» i s responsible f o r potassi^^magaesiuro, ch lo r ide , 
lead and zinc* l^he chief source of these elements may be the 
pes t i c ides and f s r t i l i e e r s which trere added t o these su r face 
i«ater bodies through a g r i c u l t u r a l rtmoff • 
fac tor* 4 and 6 are thus suggestive of the f a c t thBt t h e 
anthrc^ogenic a c t i v i t y i s t he priow con t r ibu to r of these metals 
poss ibly because there a re no rocH types in t h e v i c i n i t y of 
these water bodies which contain a s i g n i f i c a n t axoount of me ta l l i c 
loxmt l i k e Hi^Co and Mo« On the o ther hand the re i s a predominance 
cf these metal based indus t r i e s in t h i s region besides the 
urban wastes* The higjh score of CI and Ha in f ac to r s«2 and 
6 aay be due t o la rge s ca l e coal use r i i ^us t r i e s* presence of 
evapor i tes in sons and discharge of br ines in other p a r t s of 
the study area* 
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f a e t o m 9 and 7 f fh« i standi f o r • trast i t iai «itd i i t h i w i supply 
tfhieli prdMibly littiwid i«uh ttm if«*th«rifi9 o£ th* iyr«!riiil.i 
«c>iist« and phyl l i t** witlt tiMt At ^tm bus** MiMilniufli 
c 
ill •ttrf«!|w night hm m p m i b l * toe hig^ 
conduetiyity l o t d i n f t Ija factoi>7# 
9m usiiftl th« iiMi«iui# stftudaLrd d«vi«tioim *Qd ccxmilation 
cmiticiMniM nmlcuXmtmd f o r thm ehumicai viuriftntt in 
ground init«r» and «c« pr«s»iit«d in CXXV and GX Mspactivaly* 
^ wi t r tx $M p t m m n f ^ in cxixx* 
HiKw feetocft (rig* 273} hmm itsctraetad fcoe^ coraemlatioii 
ecMif i e i an t s mtriXf in th* saimi iMiRiitr f o r arain and 
Bwetvsm wktmxm» uliicti mxm m f o l l o i r a i 
toy r«#il)«Cit« ll»# 
y«ctor»2»jp^£«Mnt*d ca.» K, Wmt m* tXB 
and BC* 
factosvpS* s^vaaan tad by « and Hi* 
raetor«»4Hr^caaaatad by SiO^* Wm,mt Ct , m^ Cit« Mi* and X<i 
Factor*$»x«pxaaatitad by CI, y« ti3& and ]EC» 
Pactor-^e^^apraaantad by«pK# Ca« a i ^ Li . 
Vactor«7<«c«praaantad Sr* and hU 
yacttor«#**capf«aantad by» f * and and 
tactorot^Mpcaaantad by* ^kiO^* And X* 
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Th« Umt eolmm th« e a m M l i t y of ih* 
•Uawnts* 
BtEsaauteBi 
th» tmmm of th* oXonitiit* 
t 
in th« •viMwetmm w«t*r bodl««# i t 1m not iced th i i t ^ t i* •l«ia»fit« 
HCe^t Cl« W * SC« aiid Ha m in »i9iii£icm«t^' tJiioimtt* 
lihMni an thtt o thar ajr« Xm»9 s i ^ n i i l e a n t * th« hi^lh aignif ieai ica 
o i thaaa • i aaan t s n i^h t ba poaaibia t o tlta ix»era«aa of thaaa 
aXaaftnta i » aubaiurfaea irat«7a# both from na tu ra l aa waXi aa 
am^hrcq^oganio aouiroaa* 7ha eorxa ia t ion ooaf^ ie ian t natrias 
Tabl««€x ag»in ahowa tha aanai j ^ t t a x n aa f o r tha r a i n and 
auKfaoa t ta tar boAiaa. Hoat of ttia alamanta ahOM poa i t i va 
oorxvJlatioii an<S thoaa ahoi^ xtagativa a ra of tha no a ign i f icanea 
diia t o t h a i r Xm vmlvm* 
ffwpty,. sff, f 
THIB f a c t o r ia a ho i tq^ ia r f a c t o r showing h i ^ poa i t lva 
loadinga f o r tha alanvnta Sa, Cu, fa« iiOj and tBi^ 
hanea ia namad f o r tha ooneantrat ion of tha alaaitnta Cu and fb* 
l iy^ f fT^ l^ f f r f o ^ l w tg^ f w g l Y i 
Vhia f a c t o r ia again a nagativa horaqpoiar f a c t o r aa 
in t ha caaa of r a i n and aiibaurfaca wttmr boOiaa* I t ahcwa high 
iraluaa f o r C«« Mg« lia« K« AX« Va, m, HCO| and Ci in which Ha 
and Ca hava a i g n i f i c a n t loading*» 
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l a g i * ^ * ^ frr • p w l y , ^ , pmiK fff^,, » 
Thia factor i s Agniii • hoiaopolar f p x m a t i j n ^ 
• ign i f i cwt t lotdln^s for tfm mlmmnts Co* Hi* and 
i&ctm i s « hipolwc factor jnapirasaxitiag pos i t ive 
and s igni f i eant ioaainf^ f o r the •iaiaaats a&d no and 
oodarata yoait iva iaadinga f or iti« l«i# K» Fa and HOg whila 
na^ativs loadings for 
It l is factor rapraaants tha h i ^ pos i t ive loadings f o r 
tha alaaM^a V« and EC and im a l so a hoicpolar 
factor* 
Stiis factor contains h i ^ posi t iva loadings f o r pfl 
94 Ca and and i s a iioiieipoilar factor* 
/ 5 
/ Yhia factor i s naaad for tha high nagativa load ing of 
r 
thaz/alaaanta *r* and MO^  and poa^itiva loadings for tha y» 
x / / i s a bipolar factor . 
WH^?: ffty f ipr ty« 
I t i s nanad dua t o h i^t a igni f icant nagativa loadlnga 
f ^ tha alansmt boron. I t haa a l so pos i t iva leadinga f o r y 
a ^ K. Xt i s again a b ^ o l a r factor* 
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2t « iwot t iv* hoaMpoiftr f a c t o r m m d f o r th« 
• i l icm ft^ mttsn^w bmcnmm th«y h«v« tigikificai^ti 
ioAdinot* Modwmt* ImAiag f o r tc aXao fouad* 
Hie* f ac to r* vmm deduead hy f a c t o r ana lys i s t o accoant 
f o r t««iit|r va r i ab laa in grotrnd watara of the study •xmm 
(f4«t zn)^ 
f a c t o r ^ * 3 4 accouata f o r tha an^pjly of loajority of th« 
iflietaille iona in th* Qrouad mtrnmm Factor*I ataitda f o r tha 
ati{»p;iy of Ca» 9b aad Znt Factor f o r Co mud Mi and fac to r«4 
! 
f o r aoa t ly the far roua i»etalJ# wham aa tha r a s t of thm f ac tos^ 
a ra xmfp&mitoXm f o r tha supply of iioiiMHatalXic io»8» in i#hl«h 
factor«>3 accouata f o r aad Ca« factor-S« and Cl i faetor*«« 
pHi factor»7« ftri factor«»8« B/ and factor«»9# ftiO^ and HO *^ 
St ia^ tharaf ora, , i o fa r r ad t h a t t h a urban au l l aga , 
waatiharino of aiic*a and f a l a p a r m n a r a l a a ra raapooaUbla f o r 
tha h i ^ acora of Cu* Vb and Sn in fac tor« :^ i i i a t sa frcm coal 
uaar induatriaa^ non«farroua watala vorka Mid undar«ground 
. h a - c x ^ f o r ux^acou. < r » 
t c m M r i m t a t a a l r o l l i n g a i i j la and naathar ing of farruginoiM 
irocka in factor«4* tha acora of Na and Ca tmdar fae tor^S 
aiay ba dua t o tha waatharing of anraporitaa and earbonata rockar 
CI and (ractor*S) p a r t l y t o coa l uaar induatr iaa and p a r t l y t o 
waatharing of arvaporitaai pH (Factor-^) t o tha axtanaiva 
b u f f a r i n g in t h a aysta% Ar (Factor«>7> t o i iaatharing «f g r a n i t i c 
and Ofthar f a l a p a t h i c rocxai U (Factor-^) t o tha %iaatharing oi 
ahalaa and SiO^ and MQ^  t o f a r t i l i a a r a and a o U condit ions* 
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mmmcm 
Cmmem^ I960* h grnxshamicmX o£ tli« Swims H i l l s 
c ^ a d * Sms* mxt^rn Vol* 5« p&» 27I»3CHI« 
c ^ t i ^ i l t wmtm m ^ f ^ m m t o 
2t aicxaetirlcMit 
C a t t a i l f Factor a n a i f s i s t m Ifitxrodtuctlon t o m s m ^ 
St * 
Dawd^t an^ A ^ l i c a t l m ® of ii^ctmt mmltolB 
In BtM&f of Gtmssimtsf of gxmmdwiit^ <iuaiitr# 
Hodtom f ^ e t o p tftii^^* Oiicngo 
i-liret* tmZrn tile gisodiwtstinr o£ TOten ^ I m ^ t s from tli« 
o u i i o£ Ttie loeotio:) aistr i lsi t t iof) %rmm 
^fmmtat <3®oehim* Cc^raoei^. 
tUtdioRf ma m;0m@t 1973 • tli^ogfooehotaistarr oS imrfac® 
w^mm o i aivcor d r a l n a ^ dma^^ZZI* 
ata]bl.e Xdotope txx^m* c&xfbm m^ e^ptms^ Qemhm* 
Hitchaiit 3** P^lvan* 197JL* 0«ocl)«iai©ti^ 
eatS oe ig ia tistmtlm mkmem i n tim maiimn CmrnAa 
mUMmntiX^ 3^ifiwXXX» Faetoim c^ fa ro i l i r t ^ ohomieal 
e f » | ^ i t i € f i * Oeochiffl* CkaiBtoctiin. Acta*^ pp.5i7*S98ft 
fiolailiiyer# ie*X*# A a i s ^ l e M^iod ^aotor ana l fn id i 
m^lm, S* mid B*a«« i9i2* Cl t tss i f ioat iof i of mo^imm 
Oi^ hiMiAti c«rliQitat« soekei Aaior* F«tsol« a«ol* 
BuU* Zt PP* aS3«272« 
ic«is«r« K«r»« 19SS, The vaximax c r i t e r i o n fcHC anaiyt^ieal 
sot&tiofi lA £%Metm Voi»23« j^miMl-olOO* 
mrn^ i979« omlogf mm g«och«iii»tc7 o£ pho^phoritM of 
Pithe^Agaxtif tlf%subli«!i«a ttmrnim^ Alig&sti 
itasiiMi l l n i v m i t ? « AHigocht 234|>* 
XKiMMUi« w.c, ^ ziift)ri«# m s * s t rdUgimpiac i t tc tor mtiMt 
AiMr. i^soc* Ptttroi* Vol* 47# 448*70l« 
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MsElroy, andi Ai«tlo# 1975* o€ nan 
IZZ«»pointMPGurces pollutaints In Mlaoouri Basin 
K,^ 1901* l i n e s una planes <ft clmmt f i t t o gystiem 
q£ po in t s in spoeei Phi l* Hag** pp* S99«'St2» 
R«tedsr# Hitchoof a* !iovinoon« 1972* Hydraa^o* 
eheoiistry t h s su r f ace mtwea o£ the »4ack«nai« a i v s r 
d r e i n a ^ basin# Canacla«»X« F«i«;tcire ccf t tcol l ing inor* 
gio^ic composition* OeochiA* cosmochim* Acta*« Vol*36# 
Et«avo@# on^ 1971* F^tor@ e o n t s o l l i n j t h e 
dopcsaition oM &am pt^phaHts t^earitig s t r a t a feom Gordon • 
SCO* Vol* pp* 4Sl«»4ftS* 
%>«»a»!ian» C*« 1904* osnera i i i i tei l i ' j«nce# ob joc t ive detecminea 
and n^asiuFsdi Amor* <foiir* Psych* # Vol«l5« pp*20I«>299* 
Bpmc0t0 i9e6a* F«ietor atnaiysis* T^dmica l fisport t^* 
Hood tiole Oceano^oiphic Xnotitution* 
^moc&K^ i966l>* Factors a££@etin9 eicpent d i s t r i b u t i o n 
i n a S i lu r ian 
1967* Factor ana lys is XXs A aeacripti<m o£ t h e 
applicat ioi i e^ l lqus so lu t i o i s* tioods Siole Oeoano» 
gc^qphic I n s t i t u t i o n Rsf * 67*>S9* 
Th»i£stone# E**i**# 1931* Multiple e«ict<xe analysio* Poych*« l ^ * * 
Vol* £ip* 40e«427« 
cmmm •Si, 
i>mpsmx(m m 
GmupHg: AygR^H vm akife IcXmM 
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imtfTiffw pj^mmoi^ mp^if^ MJ^P^^ ^^ 
gR&paCTI^ SWE PmTMiCE&i 
coi>o»iitr«tion o£ var ious cootamioftnt^a Qen«tralXy 
4»e£«ftOGfi with the i ^ r a a s l n g diatance of t l m whan the poor 
qua l i t y va t e r laayaa i n t o a Cxaah watar a<|piif«Jr. Ttm diaperaion 
of t h i a po€«<«quaXity v a t a r oiay ba longitudinal, or tranavaraa* 
2£ the invading f l u i d en ta r s o ra r a broad £ront ( e .g . aaa water 
intrtiaioo}# the e f f e c t a of t ranavarae diaparaion wi thin a 
eontttainatad aaaa oaoeal each other and only t he longi tud ina l 
d i e t e r s ion i a e f f e c t i v e * With poin t aouroes of po l lu t ion aa 
ig t he case in tha atudy area« hcMever# both lo»git).»linal and 
transs^erae diaperaicma a re e f f e c t i v e * 
Various general equationa deacribing hydro«4ynaaiic 
diaperaion in hoooganeoua iao t rop ic madia (Bachsat and Bear« 
1964 and schaidegger* i961}« uni-dioienaiofial diaperaion <Brueih 
and Street# 1967# and HoGpea and Harleflian« 19S7f Oakea and 
Bdiforthy* 1976) and longi tudina l flow through a hor iaon ta l ly 
layered a*diuai (Shanir and Harlenan 1967 a ) . The ««y«tiona 
descr ib ing hydro-^ynanio diaperaion have been extended t o 
include liolecular d i f f u a i o n adaorption of aolutaa and decay 
of rad io-ac t ive laateriala (Banka and Mi* 1964i Koopea and 
Marlenan 19671 Mirino* 1974; Ogata* 1970i and Tagatnaflta and 
&t^m«*berg« 1964)* mom uaed nunarioal laodela (Chhatwal a t alf 
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I973f Ummoa, 1971$ vememBmn and imchfora l96Zt Pleitmm mA 
XMtmm, t976y Shaiair and I9€7bf nod Tagftsiftt* 
and &tmtwit»tg, 1974)* Dispersion snd irraiuipoart ^hsory was 
ussd by Bmdshoeft and S^indsr i973i Oarshon and s i r (1969) 
Hoqpas and Karlstaaa (1967) &m Raddall and BmmAm (1970) t o 
under ground moveaent ot aolurtas* t r a c a r s or coataminaDta. 
AttanuatlGn f a c t i o n s o ther than d i s p a r a i o c i ^ f iX ta r ing 
ot siiss)«iidiid so l id s (including micro-*orgaiiis8is) b io log ic 
dacoiapoaitioci ol! organic conipistmds* n i t r i f i c a t i o n of aamonia^ 
d a a i t r i f i e a t i o n of n i t r a t a , r e t en t i on and dift*of£ o£ b a c t a r i a 
end viruses# ion a>tchange# p r e c i p i t a t i o n of dissoivad chamioals^ 
s a l t s laving through dansa clay l aye r s and dacay of ra<3ioaotiva 
iaatarials« itunnals (1976) l i s t e d and daseribad alai^an physioo-
chemical proeaasas t h a t hwra p o t e n t i a l f o r pu r i fy ing wa«taa 
in the ittndargroiind aenrironcaonts. Molecular d i f f u s i o n i s 
so slow t h a t normally i t i s not s ign i f i can t* axc i^ t where 
ground na t a r i s s tagnant or nearly so .Dut t a t al* (1972) 
proposed t r anspor t models t o p red i c t q u a l i t y changes as water 
passess through a roo t cone. 
The reduct ion in concentrat ion of contaminants by 
d i ^ r s i o n and o the r a t tenuat ion reac t ions eventual ly wmy 
enable normal use of a f f e c t e d su r face and ground waters a f t a r 
i t has ieorad a s u f f i c i e n t dis tance f r o n the po l lu t i on source* 
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Th« i w ^ i t u a * of t h i « di4itaiic« drnprntnem on mnf f a c t o r s 
iaeludixi^ typm of 0o i l And oiBt«ricl«» (pround w«t«r 
Vttloeity, typ« of eontamiiiAtion and intends^ vum qi ground 
vttt«r* S«£« di«t«oc«« nay v^ry from mmmx^l t * » i of m t m ^ 
f o r a ^ t i c tanks out f low t o thousands of mirtwrs f o r b r i a s s 
o r other wsstss frona poin t soifiFces* 
In the present study en a t t s a ^ t h«s hma m d s t o snrelute 
pollut icm dispers ion by mmB of e gs^phic laethodt i:^ 
i I— 
p l o t t i n g isocons (the l i n e s o£ VQUilc^coneentratioo)* I t rasy 
I 
help in v i s u a l estiRiation of the d i s tanees froea the point sources 
up t o tfhich the var ious po l lu t an t s a r e responsible in ^ t e r i o r a t i n g 
the water i jua l i ty of r a i n sur face and ground waters in t h e s t u ^ 
area* i^tteiapt has a l s o been aiade t o v i s u a l i s e t h e e f f e c t of 
var ious rock types and s o i l teictures in removing t h e var ious 
po l lu tan t s* 
ffif, 
Zsocons of t o t a l dissolved s o l i d s (Figs 211*214) ind ica tes 
t h a t the aaxiimim amount of T*{>«s. in rain* si irface snd/surface 
waters i s found a t p l i c e s t h a t a r e nearer t o e i t N i r the b i g 
i n d u s t r i e l and uxban town^ships or s i t u a t e d in t h e down streams 
of the r i v e r Yamuna* The conoentrat ion of the t o t a l d issolved 
s o l i d s decreases in general from west t o e e s t and north t o south 
with a few l o c a l exceptions, i ^ e r e the anthropogenic a c t i v i t i e s 
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tn til* form of inaumtriMi and lu^Nm a^rievainisftjL t i ^u ta on 
th« 
^hm v«t«r lM>di€!« of ^ r u t d i s t r i c t i n tti« upstceaas c^ 
thm r i v « r 1QMmu:>«« (Fig a i l ) caa t e in i«9S«r luaount ctf as 
i<S) 
(dcwn-atreaow ot tlie Yaimmii r i v e r , t i g , 
t ha area of iof ioanca o€ thasa anthrogpogenie: aourcaa v a r i e s 
batwaan « liiaikdrad of taatars t o savara i ^ilcsn&tane in g^mr&Xm 
I t i s maiaiy Isacausa of t h e coarsa taxturad and hocaoganaoua 
s o i l upto a g rea ta r p a r t of the atitdy araa with a t h i n ccKrar of 
Cine grained s o i l s (Fig« Xt i s mora so in tha shaiXoir 
i«itar agaif ars* A siarfaot c o r r a i a t i o n h a t ^ a n tha isoeons of 
raifif Sttrfaea and sul>»siarfaca watars ovar the wida lagion has 
a3so tiaan noticad« ind ica t ing tharaby the var ious watar bodias 
of l ^a ragion ara a f f a c t a d hy the saiao sources and t h a t the 
a f f a c t of sur face po i lu t an t s i s gu i t a f a a t in t h i s p a r t of tha 
basin* 
Zsocmis of chJLoriaa in rai»« sur face and si;ft»*sxurfaca 
ttatara in t h e study araa bahava in tha s imi la r laannar aa tha 
t o t a l disaolvad s o l i d s (Figs. 215»319) Isoeons of h i ^ i a r values 
in a l l t hese water bodias a ra found oiostly near t ha i n ^ t r i a l 
and nearer t o r i v e r yamuna townships* Higher va lues of ch lo r ide 
r 
isoeon^s ara a l so not iced in tha water bodies of tha a reas nearer 
limr ^ t o older geologic f o m a t i o n s (Aravaljiiand viadhyan rocfca) near 
tha Rajaathan border in Agra and mthu ra ( t igs« aie-219) d i s t r i c t s 
in tha axtreaa west or south«wast in the study area* 
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t tm • o i l in t h i s p « r t ( w m f x n p a r t of Agra m d 
fSftttmcm 4 i a t r l e t > i s laostXy coars«« t h i n m d tiikdiftrsLieixted hy 
hsrd rock«» Zn gtnmxml the r a i u e o i Xsocon* 
from xioirth««ast t o south«4ie«t m d ttttftt t o west* The Isocons 
of r a ^ m d suirface va t e r s oirar the gcvater pa r t of t h e region 
vmrm»X a pdzfec t corr«]Uitioo but the i a o c ^ s of ground wat«r» 
in gonnral do not show a p a r f a c t hoooganiaty with t h e laoeona 
of raibi and aurfaca watera <Fig». ai5«ai9)« 
Baring socna par ta ( H o r t h - ^ a t a m p a r t of ^ t h u r a d i a t r i o t 
Fig* the ch ior ida concantrat ion i s not increasing mudh 
doa t o anthropeoganie aourc® but the «ieatheiring of th« l o c a l 
roclea and minarels in regions of a r i d t o aami^arid clii&at« 
(aapaoial iy iMsrdaring ft«Jaathanl a re t h e siain aourcea of ch ior ida 
concantrat ion in tsany pa r t s the atiK^ area* t fm dieperaion 
of chior ida frc^i anthrcpoganic na tu ra l aourcea va r i ea frora^ a 
tern hundcmd matars in l a s s porous and hard rock areas in tha 
waat and aouth-^waatam par t* t o aeireral kUo-natara in poroua 
parsiBabla fomenitiona in the eas t e rn and north eaa tern pa r t of 
tha atudy area* 
fiiapara^ion of Sulphatet 
Elaring a few l o c a l exceptions t h e i a o c ^ ^ of r a i n aurface 
and au3>»aurface wat«r» revaal a a i m i l a r i t y in t h e p l o t of every 
year and a lao in t h e avaragaa of theae water bodies oirer l a rge 
p a r t of the study a r ea . The isocons of sulphur a r e noxe concentrated 
305 
turmnA tm lnduatri«i big iu!bmn toim-»hip«« l^rmaii platits moA 
eXom t o tim riipAr Ytmiuia ( i n suEf ace nod girouQd wtmtB 
tmXy) whieh g*tm i«ia«iMMl ov«r « distcncv ^«cyisig €xom m tm 
imfidK^ nwtwm t o « tmt kiionwitttrs from t h e poilut ioD 
9ovaxm9 ( f igs* 220*224)• Mke other i»oXlt»t«iite« the eonees t re t ion 
of 8uXph«t« e i eo aecseeses weet t o eeot and 0outh«wtt«t t o nor th 
e a s t i n gummX although aoaie pocKeta o£ high sulphate eoncentiration 
in ^ r u t 220) and Buiandahahr d i a t r i c t a (f ig* 221) hav« 
l)ean not iced wkich a r e oaitily due t o the predominance of coa l 
uaer induat r iea i n these pa r t e o£ the basin* 
Pispeg|fcaic» of Ki t ra tey i 
/ 
t h e n i t r a t e concentrat.i<m in the study area show a p e r f e c t 
c o r r e l a t i o n «rith t he a g r i c u l t u r a l a c t i v i t y and the asaount o£ 
f e r t i l i K e r intake ( T a b l e ) in t h i s p a r t o£ t h e Oanga-Yaaiuna 
r i v e r ba s in . On an average a decrE^ase from north««ast t o 
s o u t h - ^ s t and • a s t t o ««st (which i s j t i s t cpposite t o many of 
t h e o the r p o l l ^ n t s ) has been noticed (Figs* 225«»227)* 
I t therefore^ r e f l e c t s t h a t t he axeas vhers a g r i c u l t u r a l 
a c t i v i t y i s vigorous and liore f e r t i l i s e r s a re i n use contain 
more n i t r a t e s than where the a g r i c u l t u r a l a c t i v i t y i s poor due ^ 
coarse and g r i t t y surface so i l* 
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Xfow tiiti:«it« coiic«titc«tio» i » irar^aiw itiit«r bodi«« im 
ftlso found in «r««ii which lim cX<m» t o destrfcio^ (ae»»tiy hot 
(«ri<S t o MmlHirid) p a r t the cmmtrf (lt«Ja<ith«n) wtMir* 
d e n f t r i f i c a t i o o pMXfcm^ f a s t e r due t o wavm mil {&tmimrt At 
19^7, i$7S}« mmvUtiag iiiyj^efi^ divpJltttioii i n t he iratar bodiaa of 
t h i a pas t of ttm baaiti* 
iaocoi^of t o t a i hardiiass ind ica tes p&dkieta d t hard 
watara i n diffaidant par ta of t h e area under r a f l a e t i n g t o 
aome ax teo t tha irariaiticma in loca l aoiX chemistry and tha f«ityra 
o£ i n d u s t r i a l and iauiiici|>al waataa in thoaa par ta of t h e baaisi. 
Xi]t ganaral thara iaycoharanca 238-33bat%»aen the iaocona 
dt aurfaea and ground %iat«rs which are laoatly dependant on the 
f a c t o r s given abwe* The iaocooa of r a i n waters (Figa* 228o331)# 
on the o the r hand which a re laoatly dependent on t h e wind di rect ion* 
ahow a e l i f ^ t devia t ion with the iaocona of susfaee and ground 
-€v e r 
watera. On an average tha area* n e a r / t o b i g i n d u s t r i a l ea ta tea 
(Modinagar* Ghasiabad^ Okhla* laew dihla* Faridebad and BalXabhgarh) 
which diacharga t h e i r wastes together with the su l lage from &om 
of t he b i g c i t i e s ()Delhi» liaerut and GItasiabad) in the r i v e r 
Yamuna* ahow an incjcease in t o t a l hardness as compared t o those 
which l i e in the e a s t and north e a s t , over the t h r ee year per iod 
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SOBiR poek«ta nmmr thm rlvmr C«Rga in th« •««t«jm ptxt oi 
tlM bft t ln a l so i«ve«l « s l i g h t ijoetmAam in th* tot«X hsidnsiHi 
i ^ M t lw imcmm of r^in a l s o « ^ l i f ^ t i y h i ^ r 
eGacmntvmtlon in t h s raeouot of C«<ilfg» 
Tbs naiis«3iii« ^ n s r a l l y foXloir « soutlwwost t o fiozt}w««st 
4 i r « e t i o » in t b i s piaxt of t h e country* fhtty httpre» t o ezoss thm 
ectk%mBiRmt9A mtmoBpfmrn o^mr wsam of tlie b i g ^ K t ^ s 
• i tu«t#a in t lw WRttt of t h i s mgUm thsixr Jomisioy 
tontts^s aoztdiwssst which p o l l u t s tho taSM iratsrs* I t i s qu i t s 
IHtoly t h a t t h i s pol luted Cain i f s t s r osy hm tho poss ib le souzcs f o r 
stieh an iiiexeass in t h s eoatsnt of t h s se tossi^s mmm of 
t h s o t h s r l o c a l fac tors* 
The isocon niaps f o r t h s t o t a l a l k a l i s pxepara<3 f o r 
raliit surface and s id^surface watars in t he study axea« ind ica te 
t h a t t h e sur face t ia te r bodies which come tmder t h s Yamuna 
conetand araa coBtaia voce a l k a l i s C«K>stly sodiuia) where as 
those in t h s eoneiaitd of t h s r i ve r Ganges contain very l i t t l « 
«w»uiit of a lka l i s* SiMilarly* tha ground water in t h e south 
and south»west of t h s area wider study contain inoxe a l k a l i e s 
CiMStly sodiuM) thsn tha e a s t aod n o r t h - e a s t . There are 
sosie a i eas (nor thsm p a r t of Mathura d i s t r i c t ) whs re t h e 
cefttent of sodiun ( yig« 939 ) i s gradual ly increasing in 
t h s ground water bod ies . Ths poss ib l s souxce f o r t h i s 
ine iease etay be t h e Kanjhi l lake which i s s n s t l y fed by ths r i v e r 
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Tmmmm thmt l i e imxy clo«« t o mmm ot t lw ehttnicsa., £ubb«r end 
o t h » r Inanstsit t* «iiiS B«Uift>hQa«li, Tha (yver •iqploit«tiQil 
of shaXlxM Qjeottod %iat««t l a HaujMl bloQk of th» dintirict^ 
c»8ult9 in m SsoOxnomd mchmtg* £K<m t h* U M I J M I , X9km and tfa» 
riimr Yaom«i«# sosuXta ixt m inomaaa In tlm moAlvm emtmt In 
u 
tlem ^zonRdt naitora of t h i a xrngimm 13m t o vigoxmia l a d ^ r i a l 
a ie t ivi ty n««»»r t o t b i a nact of t h a d ia t r ix i t and an Inezaaaing 
onrar «xploitatl4»i of tlxi ahaiiow ^TOimd wmtmx aqu i fa ra a»i XaadifiQ 
t o an incMaaa in ttie modimi emtmut in tha ahaXloir water « 0 t i f a s a 
of t h i s block (Bauihil.) whioh i a not t ha eaaa in daep t iatar mVLht 
to gonaraJL no s i ^ i f l e a n t Incxaaae in t h e alkaXi eontant in 
varioutt l ia tar bodios of t b i a baain baa hmm noticad ov«jt tba 
thi:oe yaar pariofl (Vina* Tba diaparaion of aXkalia 
alao varlAa from a faw bundrad loatara t o a fan k i io»«ta ra f»oiii 
tba aoui?ea of xaebarg** Ixcapt a fiaw l o c a l pocket a tba a i k a l i 
eon taa t in <MmtsaX*a«irt:axQ and »ortbawaao-toxn par ta of tba 
atndy araa smmml a dacvaaainQ t iand otrar tba tbjma ^ a r pariod* 
P^fWgff^ff" ff^Wt^Wt 
Jn tba araa undar atiidy tha«a i a p r a c t i c a l l y no petaaaivn 
basard a t praaant* tba araaa wbara tba a o i l i a o f f poor ( j aa l i ty 
axeaaaiva uaa of potaab f a z t i l i a a r a baa abown a al i f ibt ineraaaa 
in tba potaaaiuB contant of varioua imtar bodiaa in aoR« 
p a r t a of tba baain 2r7«A38), 
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B&ring ih« iPmrta o£ mthura Agre 
d i s t r i c t * F ig . 240> pa r t* oC vtudy «rie« im pf%ctic«ll |^ 
no f l u o r i n e h«2ard in the actra un&mg studsr* The hig^ fXuoriac 
content in tbm southMweftterfi p a r t i s mostly due t o the loca l 
geological a»d e l lmat ic (ar id t o aei»i«arid) coiuiit ions ii:k t h i« 
p a r t oi the baain* The groater p a r t of t h i s baain on the whole 
do not ahoir any increeaa in the f l u o r i n e eonteat met the t t iree 
year per iod (Figs, 339 and 240); 
Xaoecma of Zron prefMstred from t l ^ varioua water 
r«veal an increaae f r a n north-aaet t o atiuth«vest end e a s t t o west 
in t he a t u ^ area (Figs* 241 245)« <»rer tho three year period* 
^he increaJSit i n irain and sur face tmters a t plac&s i e c£ the order 
of 25 t o iiAilch gradually diminiaheG t o 10 -> 15% in ground 
waters over the th ree year per iod . Xiqfiyicg thereby t h e adsorption 
of i ron by the s o i l which ac ted as f i l t e r s during the course of 
i t s doiin_ward ioumey* The shallow water bodies in t h e region 
a re worst a f fec ted* Baring so-ae a reas in the v i c i n i t y of the 
r i v e r Ganges contain iron t m ^ r the permissible IJUaits^ otherwise* 
a l aos t a l l par ta of t b s baa In ccmtairi more iron in t h o i r 
/ shallow ground water bodies . Uhc- I ron content in ground waters 
decreases with depth in areas which have more i ron in t h e i r shallow 
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«qi>if«c«* oa th« o tb» r hmd i t i n c M a s M wi th depth ia 
9om p a r t s of th» ba«in <n««r t h t r i v * r Cm^m in BuX«idish«hr ma 
Ali^iaiEh d i s t r i c t s h wliieh m t m m l l y e m t n i A I w i ron in t h » i r 
shallow watar a q u i f a r s <iiia»uscri;^t in p iapamt io i i )* Xt shovs 
thu^t t h a anthropoosnic souxsas in t t * fosmar c a s s could !>• tha 
f 
na^ln f a e t o r s Msponsfibla £or t h e /iron inexease in t b a i r shalleir 
water bodiaa wbieh f f r^ualXf deersssad down w i t h d sp th dus i t s 
adsorpt ion by t h s s o i l irtiacaas l a araaa c l o s e t o r i v e r Oiiigss 
t h e isndergsotrnd l i t hoSog ica l u n i t s could be main f a c t o r s 
f o r t ha i ron ii tcrease in t h e i r deep water ac^^ifers* The d i s p e m i o o 
of i r c ^ i s h ighly v a r i a b l e and i t never exceeds a few hundred 
meters of t h e source of supply . t&vesl m s c r a g s 
i ron in irarious p a r t s of tho s tudy area in i t s d i f f e r e n t 
water bodies* 
H l^iUfflffiftfl 
The Isocoa maps cwveal t h a t tha anthropogenic a c t i v i t i e s 
a re t h e siain f a c t o r s respons ib le f o r t ho increase in nanganese 
content In t h i s pa r t of t h e b a s i n , Tha h i ^ r concent ra t ion 
i s ctbserved only in t h e so\ith»west and western pa r t (Mathura «Bd 
Agra d i s t r i c t s Pigs* t4rt and 348) which gradual ly decreases t o 
wards n o r t h e a s t and e a s t (Aligartv Bulandshahr and Neemt 
d i s t r i c t s ^ Figs* 246)« On t h s whsle t h e sisnganese content in 
many p a r t s of the south-westexn d i s t r i c t s in t h e study a rea l i e s 
such id^ove t h e pessi iss ible l i v i t s of d r ink ing waters which i s 
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gradUftXXy inciniMliig* xt t h ^ f t o s m , •uggvtftta ttm% 
ioratpiftt* BM»«ttu»a hn t»hm to check t h i s oth»cvi«» 
i t ^ i X l be axioth«jr tkmmo, vhnc« «bout onc^  t h i r d of thm fihiiaxma 
i a m i tMagB amymlagm^ tmiMUtd end crtiospled b o ^ atjnactustt* 
in xeemat yeiuni t o the fiixc«8s o£ oiaiigAiieiHi in the ground 
mtmxm* T V & A t o * ^ Y M E C O T I D D F I I Q D A FISW S U C H C B B B B i n aom of 
v i l l a g e s o£ d i s t r i c t s * 
The e rsas sdioining the :E 9^imdsy % g s r in t h e no r th sm 
piyrt of Agem and southam pa r t o£ m.%hum d i s t r i c t in t h e 
x w a a i an i t ^ reaa ing t««nd in t h e chromium content • The a rea 
inf luence of chroAiitti v a r i e s frost a few hundansd {oaters t o 
severa l thottsaad sisters depeading I^O B t h e s o i l condi t ion and 
g ^ i e r a l ^ tqpography^ in siurface aad grcnand vaters* SoaM low 
ly ing a reas in s ^ t h e m p« r t of Agra d i s t r i c t which im mom 
cases a r e more than iO«-iS km from t h e foundiry nagar contain 
nore (Figs. 349«»2S0) chromiwii as cooipared t o northern p a r t 
hardly a few hundred maters from i t * S i n i l a r l y the ground 
waters in the v i c i n i t y of the Yamuna r i v e r and areas having a 
table»>jhand topography# contain ceiore chrosium than s l i ^ t l y 
mlap^ing regions* 
Dispersion of Coppert 
Figs a s i and 25a* ind ica te , f i r s t l y t h a t the re i s no 
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h i m j ^ U ^ T f ^ tb* iMcsoiMi of n l i i* 0tir£«c« sad «uk»»iiir£«e« 
heAirnw^md wmoooAlyf thm dic t r ibot ioQ of iM ••cl i 
o f / t h i d i t t r i e t * iM «v«iity distrlJcmtcd^ t h* vftsson boln^ 
'tip pndomiximcm of eoppMT notf t i basad inAll sea lo iiidis»t«i«* 
I' 
In thB c«Qtx«i of tlitt basin (Alicfarh# Bulandahatir and 
Matlmsa d i a t f i c t a ) * ind ailadttg tha i n d u ^ i l a l iiaataa witli 
aawaoa auUaoa and iiid»aii r m o f f from tha towna In tha c a n t r a l 
(Maacot^ Bulandattabr* laicFaeti «sd Matlwral pairt of tha baa ln , 
Tha d iapara ios froei tba o a n t r a l par t of th@ baain xaaohaa 
a aafa diatanca both ^ j r t i c a l l ^ and boriaontaXly with a fair 
t ana of f a a t from ttta ^vmiod aiarfa^t m d a faw icUtonatara f ron 
tlitt aouzca raapactivaXy« A faw acaaa eaa ra r t o tha r lvaca 
Yeoeuna and tlia OtA^aa a2.ao contain a s i ^ i f i e a n t aMoimt o f 
ooppar which gradual ly comaa doMS only a f t a r a fair htindcad 
aiatara away l^ron thaaa riirara* l^ha avaxaga eoppar eeneantrat ion 
In variotsa watar bodiaa of tha atudy araa i a ahown in fiQa«2d3«264« 
Piaparaion of ^ d «id gimst 
Lika a U o t h a r iona tha iaad and sine iaoeona a iao 
xavaai a hi^h ccncantiration in tha aottth>i*«matam and waataxn 
pact of th« baain in gmmml ( n«a« 2Sd «»t t$fU m a t r i k i n g 
faa tuza of tha iaoeona of Iaad and a ine in tha atudy araa i a 
t h a t th» axaa of inf luanca of thaaa oontwiinanta i a a i g n i f i o a n t i y 
aw>xa aa coaiparad t o o tha r na t a l a and non-aiataia which aptaad 
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t ^ t o a f«ir tmm of k i l o M t o r * i n ifhaXlow imter aqt i i fors with 
Ompth nuoQc vwrying from 3 t o IS n on ttte m^r^g^* Xt 
t h a t th© « o i l i » th« ac«9ion hav« m loir «dso£!ption 265 270 
£or «ad z^inc i n t h i s p a r t o£ the h m i n » 253*25%). 
X& g«iiairai t he and zinc contants in na jo r p a r t o£ t h i a baein 
ara imioh al»oya t h e pm^cr ibad l imi ta f o r tfritdciiiQ pusposa 
i n tha ground vatara* which i a a l a o on the i»craa«a dua t o i a rga 
«cal.a aairalopmeot o£ oot taga in^tuatriaa (iioclea and o tha r 
buildi i ig and autoRKSbiXa pa r t a ) toaaad on itead end leioc in m«tny 
p a r t a o£ tha ®tudy araa* 
Tha high c6bal t and siclcaX eoncantrat l fm i a nioatly 
l imi t ad t o 0 a n t r a l o r a o o t h ^ ^ t t a m pa r t a of tha atudsr araa a&4 
t h a t too thoM which a ra vary oloaa t o tha r i v a r Yamiina (Fig.258)* 
Zt i a aoa t ly i imi tad t o tha mmtmjrt bank e£ tha rivar« wharaas 
a r a a t on i t a a a a t a m b a i ^ contain vary l i t t l a of c c b a l t and 
n ickal .aoy ba th« su r faca no i l paaataa laors adaosption c«p«eity 
f o r thasa a a t a i a thus r e s t r i c t i n g tha a raa of influanov of coba l t 
and nidkal po l lu t ion t o only a faw htmdrad of taatara f ronn tha 
r i v a r Yawana on i t a a«» tam bank* 
Tha intanaiva uaa of na tu ra l raaourcaa and tha l a rga 
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pxvdiietioii mt i n d u s t r i a l md ua»m poMs m ttixvwfc 
t o tfm gsvuiid «r«t«r <m«iity which isifXii«ne«s the haa l th hmm 
bwlngs «itd e t h e r organic l i f t * Thu ehi*f soufXMi* mt dagradmtion 
• £ ojEOUBd-natar Qua&ity in t h t study mxmm mmy b s 6mp pmteoXmtim 
from iiit«!isiv«iy MmtfrnS iiml4» o r i t eosi bm icausod by point 
soureoft such «s ind i i s t r i a i mttXmmtm^ mm^gtt ana gaiibogo di«po«al, 
itrhaii rmi o f f , and i ^ u e a d raeharfia f i w i a6mm of tha aa i i ao 
peekota iUtmShiX ai»a>* 
311 t h a o a a t r a l Gaa^a^lTasnma ri 'var Bwaiii t ha a o i i va r i a a 
iioBi f i a a t o ooasM «raiiQad aanda with ^ravala^ a i l t «id e i ay 
toaiida ixi hat%Mai} ovar a ^ a t a r p a r t . The thicknaaa of tha 
aliitiriwi in t h i s pa r t of the bas in irariaa in bottfawi »«tars« 
fr i th tha r a s u l t tho aapaoe frois tha mwtmem watar bodiaa couid 
Inf luanca ecotaiBiiiata t h a <jfsouad«ifatar bodiaa up t o a eons idar -
i3»la dapth* Tha oecassioiial oeeurranea of s i l t y and eiayay bands 
in tha aXluiriu» not ooiy pravant tha passaga of conta»iaataa iratar 
up t o ^ ^foiind v a t a r a q u i f a r but a lso aet in scaia eaaas as 
na tu ra l f i i t a r s * Tha a raa of inf iuanea of tha oontisiinatad 
aurfaoa and ra in watar bodiaa in t h i s r a t ion var iaa widaly and 
dapands on aiany fac tors« Tha ohiaf isKmost t h m ara tha p tavalant 
f i r a t wmwocn diraotion^ and i t s in tans i ty* topography, soiX 
eondi t ion and araa of eoBSttnd of tha Main r i i rars in tha ragian* 
Tha na tura of the a f f i u a n t s and tiioa of i t s suspanaion ovar a 
p a r t i c u l a r a iaa aXao inf luanea tha i n t ana i ty of eoa t tn ina t i sD 
t o 9om axtaat* 
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Alt t iou^ th« fitductioii in tho conc«a<x«tioii of thm eontuiiiiliiaiits 
by d l ^ r t i o i i o th«r Bttmnmtimi M t c t i o e * iraxy with the 
typ« €»e th« cont«iBigiafit in g ^ m r ^ the d i a t a ^ t h i * 
region v«riik« £ r m « huiu3r«d flwttttxa t o •ifveroX kiI,o(ietttJnB« 
Xd the deveiopcd eotmtri«8 laany v e i l a«£ifMid •££4^1tMnt tme^tmnt 
smtlui&a hoire been ui«<l which rang© from phy»ioal« chanioal 
t o biochamieaX (MttintMrgar « t al* a t aXi 
Blackaalaai 19731 Bommv and Chanay« Palmiuiat and Sandl>iaa« 
197S| MaiaiXton and i97i i CaatX^ a t a i t I973# tiaXlHi? and 
Co*, m 3 i Beam ana Vara, i977| Todd and m Sui ty , i976> and im%v 
a t a i , i976) . 
Tha «tu<^ axaa ia oonrexad hy thiolc l a s ^ r of alXiarium with 
' t 
a i i t y and cXayay in tavcaia t iona in ganasaX and aiXty i a ^ s v i o w i 
Xa^rar a t a faw pXaoaa* l^ha topography t o a geaatar p a r t i a a 
fXat Xa^ sd topography with very Xoir r a d i a n t . I t i a tharafora* 
adriaabXa t h a t ema« be cXaaai^iad in auK;h a way t h a t tha dispoaaX 
of vaa tas oraa tas Xaeat f i X t r a t i o n o£ affXuanta or contarminatad 
watar i h to the undar ground body, z t i a particuXarXy ao bacauaa 
90X of tha popuXation in t h i a baa in drawa t h a i r watar noatXy f r o n 
ahaXXow watar (5 t o X2 a depth) a<iui£a]^for t h a i r domaatic uaa* n m 
affXuanta from varioua aourcea ba aprinlOad on d a ^ bads of rocka 
prafacabXy baXow tha aXXunriaX aona« through waXX i n j a e t i o n mthod* ^ 
iagoons and avaporation ponda couXd aXao cons t ruc tad /on l ^ 
316 
OR wamtM «fhi«h VArUs t f m 10 t o SO pmxcmat of t o t a l 
land in ton* p«r ta of thm htmia f o r th« e»ffluent tfrntfomnt 
AQd ttlAo f o r dUpoMl of t f ^ i»dt t» t r ia i wftStM* l£ ottiferwiM 
not possible* l ega l pror i9 lo»s hn m ^ »o t h a t ac t ion ^n ground* 
l i k e tittgligenee» l i ^ i l i t y ana othar aamagas cauaad 
Issr the pellutaxits t o aoiX and i t s products* h«iman and aniaial 
h«alth« a t e . may resu l t* i f the p&t&m9 responalble f o r vas te 
diapoaal* do not take appropria te ai»a«ure« f o r i t s c^xtainsient* 
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£cic J^ n mMmrn aemmm* wmm Umms^* 
ii»ttKwa f e e ^A^ ing tihQ «[®iiiiti<Mi 
f « r ©tofsptioa i n swcmo rnem^rn* m t m 'Bmm«^mm» 
Por t 
w&mm* i s t s * t.©®®! ^ 
eon®idii»r«tif3fi c^ «ia«t« ai«po»«l* ZA Pmcm 
In t* Bfts^m m m ^ i ^ g m m ^ msfi^ mA ^xHtijeiml 
sim^mxm* t i t o ^ nm Oiri^^St tin** 
iTismvi^slii (<Ki»># m* mmae» ^ 
c m u ^wntm^ m^ imtm ^nsoe* m aei*# Tuasii# 
tmvmmm * 0iir ^ t m r pDobijinw « wmtme wmim»tlm m^ wmim* Jimt* 
tSMrk, Head, Sci . f Voi. t^l^VH* 
m s m r m 
i E & H l i t 
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STQD2S6 m tm GRoutm w^m mi^m m of csimuat o^^cifu 
lemm Rjma m&m, m ^ m i 
r. 
th« v«»t r i v« r c o u i i a t s o£ t h i d s 
•«<li!OBiit« likm cl«y« KftisluMr# rntCm «ire t o !>• 
tit* potcntiftl . f o r garound vmtmv f h ^ elmTt I m ^ f 
m m t t t AH aquieludt* the sand iasf^rs ••sir# •» 
pot«iitiftI thlolmesA o£ th« a l lur ium t a t h i i 
P4urti|i o£ tba b««ifi« in b«tiif«en 200 t o 
fhtt t ^ •hallow ft<iuif«r4i yp t o A d i^ th o£ SO t o 60 
amtmr» in t h i » p a r t of th« immin getiocally iMhwro M tmcoofiiiod 
whiltt t h* ^ e p o r oQfta aot MI loaliy ocaBfiaod t o eonflisMi 
•qulfoy* thitt va l tp* o£ t«iiwiBi«»Ability and atoraa* ooaff l« ia i i t« 
f ^ n:tui£ajra t o a of albotit 100 «»tair« ax* 9«xiarally 
oe th« ordaar of t o luS ll*a« gailona / d a y / f t » and 9*0 « 
t o 3*0 m 10**' m p a o t i i r a l y « iThc valiM of • p a c i i i e y l a l d f o r 
tha itneonf iaad aqu i f e r ia about 0*07 t o 0«12* 
The a l l u r i a t i t r a c t could tm divided i n t o f o u r atdfrMSOQea 
naiaely t he ihiibar* tar»i« Central ganga a l l u r i a l p l a i n , and 
Marginal a l l u v i a l p la ia« The waxiwum depth of water tal»le 
in th« t a r a i region during t h e Month of i«iy«jriine i e general ly 
of the o r ^ r of 3 t o 4 ae t e r e whereaa in other s ^ r t a of t h t 
baa in i t va r iea ift between 4 and d mi te ra . in aoae aouthem 
pa r t e of Agcm d i a t r i c t apee ia l ly near the r i v e r Keaiitna and 
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i t U acuctt thma 30 mMtm* Zn Sh«lwir mgioo a l s o tim 
limm i» 30 And iO Mt«tir«* f h i n 
ItuaXy « r i9« e£ aittt»ff* in tto* tr«t#v t«l>Jl« 
th« '[ImBtmemm i n t)i* • ! t t i s« oi «tudy# 
'flftiti f c U , ^ ^ p«JM!C»l«ttoii of m^mptLg^ f icftt#r from 
m t w r in iimX^ f o r i y r i g a t i o i 
«i»iire#s of jmeharg* l a t h i s pftxt 
Ymm^i bMia* mtiti of xvetmrgii bving th» xmicif«li 
out d ^ i c h ZMSSi i0 t o srovstd 
Thm rmchmpg^ from maJiiiMid ouMiis ftnd thiroof^ i r r i 9 « t i o » i i o l 4 
i» of ttitt o r < ^ SOK of ttie « t th« c«n«JL hoad 
•^•toat mOL of WAtor m p o c t l v « i f (?«|pi»««xi>« 
Mifo i i t i i i s ab io mmml gx^omd mtmx i»ot«iiti«i a f t o r 
flwkiog AH of ac»i foir f io i r in ri*r«rt m^po^ 
trttnvpirtttioKi ionMS ifoxlc* out t o hm 7*S9 hoe. M t o j n 
(TablOMKici) « t j p r m n t * q u i t * • scqpo f o r f u i ^ r 
dcvoiqpiMi&t of ground «f»t«r« AOd i t s m^Xeitmtlon in l i i^mc* 
Migtuth d i s t i r i e t s by ootMnncti i^ UM of •uxf«e« 
obA ground WAtox^ ^Atia lyy pro«riding i ro r t ioa l ^mUij^gm in p o t o n t i a l 
of high if«t«r tabio* XO Agr« « IMI Miorvt 4 i « t r l e t o on ^ 
othor h«iid« thoro i s an oror d r a f t of th« ordor of and 
saoae haet« mtmm (Tabla«acxi<r) xoapaotiiraiy, Tha induot io i of 
mxm aurfaea i iatar in t h i a p a r t of tha baaln ia« thaxafor*# an 
iwMidiata raquiroMant* Tha ground watar poa i t ion of Buiandahahr 
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tfi«triet U Also not v«xy •*!« with 5tZi h*c t , i i i t«t« 
(f«l»Xtt«oaeivl mm th« «mt«r hmlmmm a t th« Aitd o£ i977«70« 
llmiMidlftt^ ^ w m d mmtmig «tid «£ aii ior 
ijrrigiitiot} wor)ti» t o mmmmmm mctmX totft in %fm 
msr^m* Till aucti •orvs^fs mxm epeBpi*t«<l tli* pxmmmnt pmem 
pFOQirmmm !»• miintsiiMid in t t i i* pft;rt oi thm mtuay msmm* 
t% in mXmn mccmmn^me: t h a t hmving m mximm 
anptlt t o vmtmx tBhXm in moaiamrm «|p t o 6 mtmxm mhmX<i binr* 
mem t^sbm mXX ixttgmtim ^iimiemmm mxmmm hvfimg ibmmpmx 
irat4ir fttioutd hiiv« mogm ^mmXm than Tlio 
n 
mm ahool^l be pXmtxttmA in auch m wmt t h a t a t no 
time'of t i te yaar tha watar t ab la ahoai4 eoma ^ bayood f o u r 
Mitaira hmXmi ground XmvmX ao mm t o aa fa guard againat watar 
loggiiig# aaJtinity and t o siioiiiiiaa ttta Xmmmm m account o£ 
mmpvftmmmp i r a t ioii« 
mmBrU 
SOURCES or uf vmtom mmsa B O D I S A A M P tHCXft 
B F F E C T S O M nnxm O T I Y U Z F Y I 
ChaMtical xaaulta of i » t a r aaatplaa co&iaotad f r o n xain« 
v a r i o l a c i t y out^^al l dra ina , ptMSm, r ivara« iakaa and mtimXXm 
watar tvSom walXa and opan imi ia ind ica te t h a t tha araaa 
a i t u a t a d in tha ionn atraam* o i tha r i v a r Tlmmmm contain aora 
diaaolvad aoi ida i n coai^ariaon^ t o thoaa away from i t or naacar 
t o tha r i v a r Oangaa (Tabla^itX)* Am ona pracaada f r o a waat 
<Kivar l^nuna) fto aaa t (Xivar 9an9*«> tha q u a l i t y oC tha watar 
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iapxm— and ehangiui from Bo&ivm hiw^i&Mf typ« t o meOmeMlY 
•oCt Off toicikghQti^tm tfpm (ibw ai«il«rJLr« thm i n 
ttui %fMt«jni p a r t of th« b«9la contftin hig^ amount of ci" 
ana SO *^** <$abIa««>Liil and hiw ana t»t) aaiongat tha anions and 
Ca** ,^ (Tables « l i r l i and In tha oationa ylhieh 
goaa m 4melining tmmxdm aaa tarn p a r t o£ the baa in ichara tha 
contant of thaae aniona and catl<»ia heva coma down t o a looa t 
half aa coo^cad t o tha watejr bodiaa In tha %iast, I4)fiatfisa# tha 
f a r t i l i t y of the a o i l a l s o changaa from aouth«4#ast t o no r th -
a a s t and tiast t o er.st* Xt i» l e s s f a r t l l a In tha sotith v<^st 
s 
and wast but the f e r t i l i t y of tha a o i l Incraaaa towards a a s t 
and north«aast* 7he s a l i n i t y on tha o the r hand shows a <dteor«aaing 
t rand from south-west and wast towards north-^east and a a s t In 
tha s t i ^ a raa <TablaHLXK>« 
At AHiny places In the iGuismm coanaand area an Ijooreasa of 
tha ordar of 20*25 parcant in tha contents of anions and ca t i ons 
mmx tha t h r a a year per iod in tha study area has bean notioad* 
Tha aouth-4irastarn p a r t ot the c e n t r a l Oan^a-lSmitna baa in contain 
Mora of t o t a l diasolvad solids^ liCO^T Cl7 Ka« Caf iom 
which a ra on an Incraasing txand* Tha coMaon sourcaa f o r t h i s 
inoraaaa «ay be tha s a l i ne lake (Sat^hi l i n Mithura d i s t r i c t ) , 
thaiasal poMar p l a n t s . Iron and fitaal foundr ies , chemical and 
carbonate rock based indust r laa and tha loca l geological formations 
(Araval l i and Vindhyan aadinanta a t tha soutth««wastam and wastarn 
f r i n g e s of the atudy area)* 
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A ••••oci i l v«krjUitic» in th« contuints of 
CI" , SO^** t " «ad f^** in t h i « )b«sia iuis 
b«en ntcordftd. cont«iit of thits« ionit im:xmmtm» durinf 
the pi?«*iioa»ocifi p«irio(S* «KC*pt those vhich l i t t v«ry C I O M t o 
t he iriv«r whtm m incrwa^^i the siocuiooit htm k}«tii 
c 
ii»tiC!«<S* Xt Dm* found thii t «rea» wh«iK« the top s o i l 
i t emxm^Kt mose m ^ porous with iitta.« o r no s i l t coot«at 
mm tilth in mvny of these ajaiofis «nd oa t io r j i . Xncrsmtnt in the 
OQOitsiit Of some of th« snions and ca t ions in ground va t s r s was 
a l s o noticftd in low Xying a rsas with poor draimefa (Kntiihai 
in Agra and New C9chXa township in BuXandshahr d i s t r i c t s ) * 
/ 
In the south«vttst«m and i m s t s m p a r t s of t he study area 
an a ^ a e d i n g l y high aaount of fXuoriiH» was a l s o racordsd spec i a l l y 
in p p s e places which l i e very c lose t o the Arava l l i and vindhyan 
r o m ^ Sdordering Stajasthan. The poss ib le source f o r the high 
fiy^bride content could be the weathering of t h e raineral cca)tent» 
saipimuffl r a i n f a l l and s l i g h t l y adirerse clit-oatic condi t ions (a r id 
t^ p a r t l y senii««tid) in t h i s p a r t of th@ basin* An increase in 
the cases of f l u o r o s i s has been not iced in the i n t e r i o r v i l l a g e s 
of this p a r t of the basin which i s more acute aaiongst ch i ld ren 
below ten years of age, The medical p r e c t i t i o n e r s in t h i s region 
a l ao reported severa l tisies of increase in f l u o r o s i s during 
the pa$t ten years o r so . Aome cases of endemic f luoros is 
resulVjihg in s k e l e t a l dainages in^ 'ch i ld ren in recent years were 
a l eo reported by then , <3astero»intestinal t roubles and other 
I r mtmmh a i lmsnts are sottie of the connton /Idiseases in the r u r a l 
popiilation with the r e s u l t the general heal th of these people i s 
nc^ good in cosiparision t o t h e i r counter p a r t in the aor th«eas tem 
id eas te rn p a r t of t h i s basin* 
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gtmxml th« aiurfacc «na grcund wa^fx bodiew 
adjo in ing the Yftmurw ]riv«r ftr* not cui t6bl« f o r domestic us* ftud 
in th# down BtxmBm th« r i v « r letnitn* {pt^wt of Hftthur« «tid 
Agira d i s t r i c t * } i t i s not s u i t e b l s mmn £or i r r i g s t i o i i . I t is# 
th*rs€or«« suggsstcd t h e t iainsdi«t« mxxmngtmntB by the govitnmtxt 
must be docm so t b s t pscpiss stos) using the surfftcs and ground * 
waters in p s r t s of Mftthurs <i!fsiiihil« fia^s and m% blocks) sad 
Agra (tstshpur^sfileri^ and Ki ro l i blocJKs) d i s t r i c t s o thsnr i se 
the days a re not f a r off when the f e r t i l e land ^ i c h is ^^ s t i l l 
very l i t t l e * ini^it change in to a sa l ine one* 
Xu order t o check f u r t h e r de t e r io r a t i on in the q i ^ l i t y 
of water i t is« therefore* suggestea t h a t the c i t y waste waters* 
8ullage ane^ other i n d u s t r i a l wastes instead of pouring d i r e c t l y 
i n t o t h e r i v e r Yatauna should be d i v e r t e d / e v a p o r a t i o n ponds and 
other a g r i c u l t u r a l uses* For t h i s a teasi of a g r i c u l t u r a l and 
e s r t h s c i e n t i s t s * water siipply* waste disposal end san i t a ry 
Snginsers should evolve an in tegra ted scheme with proper crop 
rota t ion* diversion of the e f f l u e n t imste^ in to nesrby su l lage 
pcMids f o r i t s evi^orat ion and s e t t l i n g soiae of the contents a t 
the bottom s o i l iMifore i t s c h a m e l i t a t i o a through l ined dra ins 
or canals the ag r i cu l t u r a l f i e l d s * Otherwise* the Yiiimuna 
waters w i l l laske tu t f i t the ground water bodies in i t s eocsEoand 
f o r drinking* i r r i g a t i o n and i n d u s t r i a l purposes which has 
already crossed the standard l i m i t s of i t ^ s u i t a b i l i t y f o r 
var ious uses . In siany develcped coun t t i e s guide- l ine manuals 
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hftir* tmmn pxms^ xmA io c<«»iat«tion with enginsftrs^ g^oXoglat* 
and s o i l •ci«nti«tft in loc«ting« rnifmXmtlng th* artt« nMdad f o r 
wpzmy icrigaition and 1» <|»«i9nii)i9 the mymtm for distribution 
of the Hast* %«ter to the aurfaca by forming aullage 
lagooo^^ t o aat t la down aoma of the poilutanta in tha bottom 
aoi l becauaa aoiXa act aa phyaical^chamical and biologic f iXtara. 
In Zndia* no work has baan dona in thia direction althou#i f o r 
a poor cowatxy l ike har, i^iare an^Xa wasta iand ia availabla, 
duXd ba uti i iaad for thia pturpoaa* 
^he areas which f a i l wider the cammA of the? rivar C^ngaa 
in thia part the baa in r«QUiraa a cheeSc on pesticida and 
f a r t i l i e e r doaea for varioua cropa ao that tha watar bodiea of 
thia ragitsm oouXd tm aavad from the i l i e f facta of thair in^^?)diants* 
Snaadiata atapa aho^d also ba takan t o ftw^y tr«atad %ratara 
to tha v i l l a g a population partieiilarXy in ac»tth«4iaatam part 
of tht Itemtina commnd araa ao that tha paopla cotad diacard tha 
watar from hand pipaa^ opan waJiia and ahaXIoir watar tiiba^^Xla 
f o r drinking purpoaaa* 
CH^mA-'XII 
HVaROCHEMaCAl. BEHAVIOUR OF VAR10U& lOm lU K S>OI*&Uf£P EMVXRC^ aCMt 
(^ound watar q u a l i t y ia the reauXtant of aXX tha procaaaaa 
and raac t iona t h a t heva takan pXaca i n the watar from tha aioaitnt 
i t condanaad in tha atmoaphara t o tha t ima i t ia diachargad by 
CK a vaXX or apring* Tha tim* apan laay v^ry frcsm a day t o morv 
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tiian •cvttral thoiisiutda of y«!iir«* C}«gr«d«tion o£ w«t«r quality 
in the atudy «rti« my tftke pl«t« from di££uAtt source* ilntMn—X}f 
fwmwa f or by point sources (ssptlc tanks^ gsrbao* 
dispossi sit«»« lo<3ustri«X wtstus etc*) or by natursl sources 
sspsciai iy the westhering of M m m l l l ^it iOl^ rocJcs in the 
western and south<*westem parts o£ the study area* The mcfvmmnt 
of ground i^ater In oeoeral i s rather slow and t^oce tnany years 
taay e lapse a f t e r the s t a r t of pollution be fo re the ef fected water 
shows up in e iiell* But the s tudy area which does not l i e very 
f a r off from the Himalayan foothi l ls* i s laostly covered v i th 
coarse sand v i th occassional s i l t end gravel bands (Figs* 
the pollutant thus could reech the shallow water aquifers very 
f a s t . The i l l e f f e c t s of these pollutants could be f e l t much 
early by the husnen beings and other organic l i f e * part icularly 
so vhere more then 90% 4£ i t s popule t ion draws water f o r their 
domestic use from the shallow water aquifers (6 to 12 cietcsrs 
from the ground surface}. 
The present study reveals that the water bodies in the 
study area arci in a state of continuous chen^ both in their 
physical characters and chemical c<%position* tThe plot of the 
elements of one grot^ p against the elements of the other group 
in scfflie cases within the eleawnts of the same group indicate 
s ignif icant yearly changes in their^^hydrochemical behaviour. 
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thm p l o t of pH agttiiMt bie«i^9Qiiat«« chaoridtt* s iaphat* 
nitrtLtm, boron. £luorid»« and potasaluM 
xmeml « pos l t l v* cor r« l« t ion Otigtt 051»«c« 86 b*Cr 9B b«d« 
99 h, 100 U2 in m,hf &aM wmtiir 
bodii«& a l s o «hc«ir • negative corr«l4itlon ftt 9om plm%m hmtvmm 
pH and tVie above «iilo»« and c a t i o n t a«»b» 8$ 99 d« 
100 a# 112 at 135 126 d ate)* imara the continuous 
addi t ion of savaga aul la^a and othar i n d u s t r i a l waBtaa want m 
po l lu t ing the r a i n and auxrface watair bodiaa and hance tha ground 
water r a s u l t in a diatwrbanca in tha physiooMShamical ^oodit iona 
o£ these watara too* fiioiilarly many of the tnatala liHa iircmf 
manganese* chromium^ molybdenua* copper* laad* sine* aluminiya* 
nickel* cdbalt* l i thiura and atrontiu»# indica ta both invarae 
and pos i t i ve co r r e l a t ion with pH depending upon the in tens i ty o£ 
po l lu t i on and loca l c l imat ic changes. Saaod on tho avaraga 
e 
o£ tha throo yeair*a data** ^i iai lar behaviour has a lao baen 
not iced in the p l o t s of var ious elements ir i th another with 
var ious other groups and with alaniants of the sanm groMp 
( f i g s 8(S«140). 
The p l o t t i n g of var ious aleKoents with pH* and other 
element groups and within the saaie group based on the yearly 
r ^ 
cheraical analys ts f o r thj | i»a years (1976-78) oonsa^utively a l a o 
reveal a f l u c t u a t i n g trend* The elentent groups* skow a pos i t i ve 
co r r a l a t i on during one year in a l l the water bodies or ona 
water body* revaal but an e n t i r e l y a n t i p a t h e t i c r e l a t i o n was 
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not iced on the tollcmlng (£igv» 141-150 )• i t inaictitw 
t h a t the water bodies ti^nt on changing l>oth in t h e i r phyvimiX 
well ec chemical behaviour in « p o l l u t i n g environment^ 
dev ie t ing a l l the t e t oonni «lre«<Sy e a t a b ^ i a h e d f o r t h e i r 
equi l ibr ium with one another* poaaib le explanat ion f o r 
t h i s abaortoal behaviour in the p o l l u t i n g enviromnent could 
be v a r i a t i o n s in tet ipereture and nattare of the effluenttf^i 
cliflMttic change* in the r e g i o r ^ e o i l c a s d i t i o a ^ tc^ography 
mi#)t r e a i a t in increaseing^ r e t a r d i n g the so l t sb i l i t y of 
flowe elements, which m y r e s u l t in t h e i r enrichment/dcspletion 
All va r ious water bodies* 
Mt^ AL CaiCE^»TflAI10K M VARIOiB WA$ER BC01E& OT C^mUhh 
GSMO '^-'iCMttm RIVBa BJ^Zt? « CAUS£& AMD 
The var ious water bodies in th© c c n t r a l Gen^-VasRine 
X'iver bas in have po l lu t ed toy t h r e e d i s t i n c t sources 
tiamelyf the sevage su l l age and urban runoff (which in n a j o r i t y 
of the cases i s u n t r e a t e d ^ discharge from i n d u s t r i s i wastes 
and runoff from a g r i c u l t u r a l lands dressed with f e r t i l l e e r s 
and pes t i c ides* The weathering of rocK and minerals p resen t 
i n the d r a i n s ^ rxea a l s o p o l l u t e t o some extent* a l t h o u ^ 
i t m y be of l oca l i zed in nature* The p o l l u t a n t s are thus 
of va r i ed types ranging from the wastes of p l a n t s process ing 
sugar*»canes« acidit.* al)cali«s« tars# inorganic and organic 
chemicals* tox i c substances such as cyanides^ sulphides* s y n t h e t i c 
de t e rgen t s , miX products , ra«tio«active wastes* weed H i l l e r t * 
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«na pes t l e mt»X Motim, i ron fwa&xhBt st«eX 
rolXing irU10« «iiatoaobiie»« mtc^ 
studies in r«c«nt y««rti hmm stioim that pollution in 
j 
thtt K^ n^ nanft r i v s r i» f a s t r is ing froni 5 to 
during pixt^ss %o 20 t o 2$ p«rc«nt in th« saventiM. Ths oionitoriiig 
of t)t« riv«r lammm f o r the l a s t four coasseiitive ycsrs U976«>79> 
indicatit that i t Is %hm itorst si£«otttd r ivsrs in northsm Indl* 
re^ifiSm tmtal poiXiition i s coisevmsd (Tabi*«CV)* ttis days 
fko^ t&r e^f whsn i t %riil be ca»ir«rtsd^into anothsr Khins in 
S€»xthjrn Asi«, EittiiarXy the i»in# other surfaca and (^^Igroond 
VBtm '^ bodias in this part of the 1t>aSin indlcata « s igni f icant 
ine^ase in the ioetal content over the three year (i976»?8) 
p ^ i o d . I t i s generally seen tha^he areas which l i e s close t o 
ini^strial coceipleanis (Agra« li»erut and Western part of the 
lahr d i s t r i c t s (Tutble* m u * CUl* and f i g s * lSl-aiO}# 
f a l l under the caooasnd of the r iver yi&tnum, contain mom 
metals in alX o£ their three water bodies. Morst af fected areas 
I 
^ith regard to m€tal pollution are LoaU Baghpat and Gha%iabad 
in »serut (Tables'^ QCXX* Xiy and h>i mw Qkhla and Jewar in I 
f ^ l a n d s h a h r (Tables. XXXSC, XhVt and xiiDC)? t^aujhil in Mathura 
(Tables«xxxviZ, XLIl and KUfll), and Bichpuri« Ituftdpur* Munihai 
and Ahsmsabad In A^a (Tables* XXXVZ, XSiZ and XLVZ) d i s t r i c t s , 
due to their v ic io i ty with the Yatnuna river and son® of the 
biggest industrial eoni^lejces of this region* 
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From tis* Mit«l, wimt p^iat* ^ Ifitttjatt 
ecMMiid mxmtL cotaA b« a^ividtd i n t o thtmm brmd group* txm 
noetHrnmmBt t o soulilMfVist* ttm0» thmm gr&ap» l a eto^ oC 
OmexmmMing awtal eontmat mna timiff tysHis 4tx« Ci> ttm meiii 
(AQra) aad noctl i^MMxii imBtmm MMcutI xVQiom 
wtilieh iliQiir « of CWt Mo and in t t w i r 
thiMNi ivttt«ir hoAinf aod itHftioatiM «» toex^taslag tzwad mmx tlia 
tliir«« yemr poriod JfiCXZ* JQCV and IS t^ i t o and 191*199) 
ba^ i iaa of la rga aoaia dMroieptaant i n icoa foisidri«a# rolXitig 
i s U l a ^ ^ ^ a e d othar f a r rooa laatal aUoy i»duatr i«a in addit ioi i 
t o the poUttt ion tha Yanmia na ta ra in t h i« xaglcsi* <l.i} tlia 
caixtral m g i m (coiraving waatam par t# of mt t iu ta and h X i m ^ 
dia t r ie t#>« t^ajre sioa<4arjroiia »at4a oontaat i a laosa in t t i a i r 
ifiitar bodiaa m i n i y bacauaa of the wattaa from noa^^arroua matai 
and a i i i a d induatriaa* aavaga aiiiXaga and ttid^aa niaci<f f son aooia 
of the biggaat o i t i a a ( M h i * Chasiabad and Facidabad) of t h i a 
baain ( tabia*38:vi«cm and i i g a * i71i»a00} and < i i i ) tha nor th -
be -n 
aaataxm p a r t nhieh eoald ^ f u r t h a r a i i y ^ ^ i d a d i n t o aaa ta rn mfk 
l iaatara parta# tha f osnar contain iaaa laitaia t ^ r a aa tha Xatar 
haa nor* nataX contant in i t a %f*tar bodiaa which dapand on t l» 
l o c a l induat r iaa t h a t vary firom i ron««taal • i l i a * inorganic 
and organic elMnicala^ f a c t i l i a a r a « co t ton t a n t i l a a * augar 
induatr laa a t e . (yablaa*aQOCZX« xxxx* XhlPf, xm, XLXK* and h, 
m , I ^ X , i x x i , li&iix, and S^Wfl and f iga I S M 10* ^ 
th raa yaar*a aiforaga ra« Cii» f b and Zn contant in tha baain ia 
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hmmmr Bhrnn in f i f s * 39»«270* ^ ^ 1977* h m w s , 
|jBaic«t*e • f « l i in the smtikk eontftnt of rmxiom wttmt 
of til* jc«9i&n Attc t o tfXtvp antlmspog^itle 
a e t l v i t i « 9 duri^f t l i t« p«riod i& t h i * ^mgim^ 
1% VM «l»o noticed t h a t the m t t m » m t m t bodiM 
««ouna Wit»r«/} <» both the AidM of t h* 
r i v « r l^naiiw 20*30 miXmB h i ^ i l y In « U thtts* 
flMtals* M l^e «iiiii»i:i inejMitiit in •oiMi of th* m U ^ 
qiuito On th« i t v«rii is fjrom anmiaUy 
« m j o r prartion tt>c»o poiXtitttnts i» ttbvojpiroa 
the eoiln^ in •itsf«c* w»tor boeULM «na oth«ir pUn t s* 
oo»e«ntr«ti<3ii of aJUiott a i l tti^ trntt^ln i n imtor l9odi*« o i 
t h i s p n r t of the l»aiein hM oaioh abcxni t he s tendsrd 
i i a i i t t pme i r ibea f o r thoiir v»i^ioue ufO», 
Oa thm o ther h*nd« the which f f t U under t he ^mmoA 
«ree of the r i v e r Oenge* end #owe of i t » t r l b u t e r i e e <K«ii 
eno Rveoenoel ee» tem of hXignth (7ebiee«dCXXVXX2« 
XI.2XX end xmttx}§ Suiendiheh^ XUT end XZ«ZX) 
end Meerut {T«|»lee«a0C}C» XZAT en^ !•) d i a t r i c t e e r e l eee poUuted 
in t h e i r leeteX con ten t s . The e e n t r e l region of the e tudr n m i 
tihich i e e i t ue t ed eXi^ i t ly mm frcm both of theee r i ve r e 
in oenereX i s l e s s po l lu ted W the swtele ve>tiil now, 
e x o ^ t f o r loee l i sed i rer ie t ions due t o s o U conditions^ 
sg r inu i tu r s l f luriben i n d u s t r i a l «fs«tes« eto* 
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¥h« iXX vf f t c t * <»£ •omv t t ieM poX2.uta»t« i n •(iiJttlki^  
wftst^rn part* o£ tl)« studlr quit* proniMnt in th» 
foot ot iziai«««# in 9iMitvo*iiit««tiQ«I ana ofehai* •toMCh 
i i k a «iiailEmi«# ab^oi i i i t l colic^ «39ortim 
• t i i l l»iirt}i# ttiiacular tMiMtmniMxg* m ^ i o r m X ai«tuct»«fMSMi# 
aiaatai ie«tari(Sation mmg^t ehii4c«it « U oC hava Iswan 
aserU^d ^ tSw imdical praomitioxMira in the jemaion <lua t o 
th« laiipofltabia <iuaiity o£ vat«jrs« Zt i»f tti«pifo««)* 
that a ch«elc mtiat ba m m on l»oth tha isauatrifti af fi^iMRta 
and tha^  aawage auilaoe and othar iiOmmi ruttof f In tlM» ragieft* 
• o t h a t the watar b o i l M of thia rmglm aapaciaily 
ttittera could toe •iEVed €ron fitrthar €^tarioratioii# J^adiata 
jmeaauraa should be talton t o iiiiatall aiaetroHitatio ppeMsipitatoca 
and f i x i n g the indiginooii tmh to contain tk^ 6$»3 
tomiea of £Xy ash daily f j ^ tha thrae Haw Delhi*a thaxnal 
ponar plants beaida*« i r k i s i ^ the j^ighta oi thair chiAnayii 
fcora the peasant 60 m t o 120MI« Bern sort of eootrol l ing dairioas 
should also l»e oibda on autoaobila aschausts ^ i c h aloas coctapilnita 
t o 240 tonnaa of eailaon sioito-^idast 10 tonnas of liydroe«irbons# 
two toruias of siilph« i^r dioocida and abourt^  30 tocuMis of oicidas 
of nitxmg^n asiittad daily by Umt S9alhi*s automtiba«s« 
tewdiata iMaatiras should also ba taiuin t o t i « a t tha 
sullaga at various points in a l l tha c i t l a s and toiras situatad 
on i t s bank* As a short taxis swasura i t i s suggs'tsd that 
low cost teaatosnt plants by s tabi l i sat ion lagoonS or avsporation 
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tm coaitructttd* JUi •tktiid • « r l i » r l in«d dr&in* could 
h^ tiactn through thes* lagoon* up t o th« i ix igat io i i f M d i * 
Jq t tmt th» fwit*!. coBt«nt« of thtt»6 mttXvumt* could « t U i s « d 
«« mtgtmnt» f o r Bmi orops* A eontxoi oa propwr 
ft&d f e r t i l i s e r dotos «l«o bo mad* in th» rivoir 
Q»iigtt» eowashd so t h a t t h o i r «isc««0 could not dotoriorii to 
th« nator^ l>odie« o£ t h i s region* 
m m s r t 
An attoospt h«« beoti xaado t o the f a c t o r analysi* 
t o oiraltaato vftlatioiis snoog tlie inorg&iiie cheiaicfti cosi^oQeota 
«ad th€s ph|f»i6«l mmiieotsmak^ the throo yttam avaraga U976<«»78) 
chaaica l data vara £actorad a i ^ r a t a l y f o r raii&« aitrfaca and 
st^b^aiirfaca i iater amstlaa and a««Roda f a c t o r aiaalyaia wtm 
out «uiiog the f a c t o r aeoraa from tha vaxioaa aolu t ioo of tha 
ehamical data oonaiat ing of twanty a ix variiO^laa (Tablaa«dOOCirx«» 
I>)» Six f a c t o r s awmgat ra in (^ig* 37i)# a ight f ac to ra i» 
aurfaea 273) and nina f ac to ra in sva>««urfaca (ground 
i«atara« lEig« Z t i ) watara vara dadiaead* 
ractorwi«S*4, in r a in watara. f ac to ra and 8 in 
aurfaea and f a c t o r l«3 and 4 in aul>^urfttca natara a ra eharactar iaad 
by high poai t iva loadinga f o r loajori ty o£ the a a t a l l l c iona 
in thaaa watar bodiea axcapt factor^^S imich haa h i ^ nagativa 
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jloftdingai f o r tomm suttal* in sttrfac^ Xt tit«lf«fo£«« 
in t t txpn ted thiit th« high lavta i i ic scor^* in th*«« wmter bodies 
e« lempmmmntm^ by thMo f a e t o m itiftiiiJ.y <Sii« t o th« ftnth««pog^ic 
«otax;*« <Zron and stiittl tmndxy, 0uliag« and oth«r 
iioci*f«rrou» metaX woxkm}^ Ho mich cocks e3Q>osed in the 
v i c i n i t y which could c a i t r l l m t o t o major i ty of theso mstals «xc«pt 
B. t m l o e a i tmtmgiMwm stmlmm and Mndstocitts with fiMn^anase 
nodulM (Aravail i and Vittdhyan rocks of Pr«<pcanft>riaii i n a9»)* 
Factor«*3 in r a in <CjD, aurfeca Sa'^and c I ) , and s*ja>» 
surfaca Ha"** and Ca"^) i s oharac tar i sad by tha nagativa loadings f o r 
a i l of them* Xt ia auggast^d t h a t aiaiority these n<m«*»ataiJlic 
ions ware contr ibuted the an th ropo^n ic sources* mostly the 
i n d u s t r i a l and uxitoma wastes* Kegative loadings f o r f ae to r«6 
( f luor ide ) in rainy f a c t o r ^ (aluntiniunt) in surfaeer factor-*?* 
& and 9 (strontiun* boron and a i l i e a and n i t r a t e s su$»ply) in 
aUb««u»faee waters have a l so baen observed which f u r t h e r support 
the au tho r ' s obaervations t h a t t h e anthrqpogenic a c t i v i t i e s * 
b r ine disposal^ bes idea the loca l ccmtributioo t h r o u ^ weathering 
of shales* a rg i l l aceous rocks and evapori tes a re the chief aources 
of t h e i r supply* 
Yactor»S (boron supply) in rain* f a c t o r s - 3 (potassium)* 
S(strontiuai)* € ( n i t r a t e s supply with low IIC0| ) and 7 
(hislh e l e c t r i c a l conductivity* laoderate aluminium and low 
negative loading f o r f l u o r i d a ) in sur face and f a c t o r •5(suliphate 
and ch lor ide) and 6(high pK) in a u b ^ u r f a c e waters* s tand f o r poa i t ive 
loading* All theae loadings ravaal moatly anthrcipogenie sourcex." 
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luwMly th* fwrtilimvie^ i tom coaX uMmt: inOumttim^t 
di«poii«l o£ b r i m * b«»id»« the weathering of cXmym, 
•nd inraporittts* 
Frcro the iitu<l3r i t i s iiif«iex«<!l t h a t t h e coa»iQii 
raapoaslbia f o r poi l t i t lon in the water 3aoaiea of t ^ 
a t u ^ area a re t he anthropogenic aet i -v i t iee ( i ndue t r i a i and ucl»fta 
waatee) ainA wiathering of t he su r face and •lib^Miurfaee roelca. 
The i»ctent o£ poi l i i t ioo due t o ffceik M&mt^ i a l ioi i ted t o m-
tmf ca t ions and anion* only hut the anthrcs>ogenlc a e t i v i t i e a 
a r e greatlsr rmapamShlm tor d teter iorat iag the var ious water 
bodiev of the atud:^ area* The r a t e o£ poJi^ution ia iacreaaing 
with an alarming pace due t o immry i a d u a t r i a l i a a t i o n and 
y£t>aniaatioft« The yearly smte of iacreaae ,«tlplace8 recorded 
waa ^ the oaeder oC 10 t o 15 percent f o r aoine of t he metala 
and iioit«eMtala« 
poLhmioN D i s x m x o a xs cs^b m s m^Wk^Tthtmh rxvkb jmzH a 
0RAPK2C AJ»J»(QM:H rm pmox^zm MAWK Gimmxa^ 
The in tena i ty of concentrat ion a£ var ious contaminant* 
decreases wiUi the increas ing d is tance of flow ithen the poor 
q u a l i t y of water RHnrea in to the f r e a h water aqui fer* The 
diapers ion of p f o r qua l i t y of water nay be long i tud ina l or 
t ransverse* Hith t h e pr*«doninance of point sources of po l lu t i on 
in t h e study area however both long i tud ina l and t ransverae 
d ispers ions are e f f e c t i v e * Varioua general equations daecribing 
hydrodynanic dispers ion in hcaragsneous i so t rop ic nadiat 
u n i d J ^ n a i o n a l dispersion* longi tudinal flow t h r o u ^ hor i son ta l 
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nwdiiM* iiydro ^tymutio disp«]rslon t o inclua* th« m o X m X t 
tfiffusioa* «d»oKi>tion o£ solut*** d«c«y r « ^ o « « c t i v « 
•ttbitttccM^ tttc** h«v« be^n prcpoMd* Oth«ir» proposed «tt«iiufttiofi 
sv i e t i cna 9 th*r than o r f o£ v^ttpMiawd sol ids* 
Mdlog lo dttoonpoftition* n i t r i f i e a t i o n of «aiaoni«« je»t*iition or 
i>££ b«eteri« ftod i m ttuchftnge^ pr«0|pit«ti<9» o< 
dl*0olv«d ehtmicAlfli^«alt t ivving throia^) diina« el«y Irnymm, •te* 
RmmsJU ftud ml^ven phymUso^ehmaicml 
proe««»e« that beva pvKmntiMl f o r purifying waston in the Mudar 
groisiid •nviroofflKHt* 
thm vtudy ulilch i s c(»rtt««»<ll t^ a thieH i a y s r cut 
Aiiuviuiii (230 m t o 400a) c o m i s t i a ? o£ n m t m mnH with occa9ioii«i 
9iX% and c l ay bioida with almoat a f i a t land t€;g;»ography. With 
tha xm»uXt the aaapaga from the ai t rfaee watar l»odiaa couid 
infiuanca ti;}to a oonaidarabia dapth* Tha top a i i t y and e layay 
i aya r s i n a a i o r i t y ae tha caaea a c t aa n a t u r a l f i l t a r a f o r 
many of tha cone tan imta bacauaa tha daap watar a q u i f a r i n 
•am of tha hi^hXy poaiii tad raoiona of t h i a a rea a ra a iooa t f r a a 
from many of thaaa cootaniMdnta which a r a oaual iy p raaen t in 
t h a uppar ahallow watar aqu i fa ra {Xaraiii« i980# Manuscript 
undar prapara t ion)* 
Xn t ha atudy ar«a> thara fora# a gxaphtic a b r o a c h haa 
« 
baan mada by p l o t t i n g i;aocona (tha l i n a a oC aqual c o n c a u t r a t i ^ ) 
f o r t o t a l dioaolvad aolida» c h l o r i c * aulphata^ n i txa taa* 
t o t a l hardnaaa t o t a l a l h a l i a a , potaaaimi (aapara ta ly alao)# 
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€.rpn, amngmmmm, dhtcatim, l««d mod Bixic* 
(togftthftr) and cob«Xt and niekal a&l*2St) f o r VBriom 
watar bodiaa (v»in« aurfac;* and ground m f f > in ordar t o 
atud]r tha lefltaaQca o t variotia contaminanta Crom t h a i r 
aoureaa of diacharga. 
Tha ac«>aa of infiuanoa of tho emutamixmt^d ra in and aurfaca 
na t a r ]»odiaa in t h i a ragion varJiaa vidaly and di^anda on 
aavax^X £»ctor«» Tha etiiaf anKsngat tham ara tDa p£«valaiit 
wind dix««tion of aa r ly taotnaooii and i t a intanaity^ topography* 
a o i i t«xtura# oortnand a raa of raeharga of var ioaa po l lu tad 
aurfaoa iratar (rivajra# lalcaa and ponda) I>odiaa« taa|>aratuf<a« 
natitra of t h e a f f i u a n t and time of i t a auapanaion o7ar a 
p a r t i c u l a r araa^henca the aaf* diatanca in t h i a region va r i aa 
widaly* 2n aoma caaaa idiare tha topography ia gantly aXoping and 
a o i l ia genarai ly coaraa# tha aa fa diatam:a from a f f i u a n t acurea 
ineraaaa t o aavaxai kiXooiatara in oonpariaion t o f l a t iand 
topogxaphy with f i n a taj t turad aoiXa« whara i t ia only a ji f a n 
hundrad natara* Tha yaar ly pMfttittg of tha iaocona of aona ot 
tha ohiaf contaminanta i a varioua watar bodiaa a f t a r a c a r t a i n 
in t an ra l Bmy, S yaara* an approacimata a s^ iaa t ion of tha po l iu t ioa 
i n t ens i t y and araa of influanca of tha contaminanta couid l»a laada* 
A caaual lock of such iaocon loapa thua can giva a broad idaa 
about tha a a ^ araa whara the under ground watera could ba 
u t i l i s e d f o r varioua purpoaaa with l ea se r traatmant* Such atapa 
aoay ac t aa raady reckoner f o r water auppXy# chaaiical and 
indua t r i a l anginMira* a g r i c u l t u r a l and a o i l a c i a n t i a t a aa 
regarda the varioua uaea of theae water bodiea* Mataorologiata 
could a l a o ba banfi f i t t«d by auch a«pa aa they could ahow the type 
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of CQiit«i»iii&tlon in ro i a vmtmt^ Md t h t l r d i r ec t ion *nd 
of ioflistnc** 
mwmm% - mnm mmswcimam 
h m n Stosk 
(RMRINLML FRO.N SOI*HO* AHO COT.TORR Vol. 20, p. 612, WtH-embor, ines.) 
A note on the Fatiric of 
CZondwana ^ Dalton-
ganj Coalfi«l<l* Ba«r 
The Goudv/aua t^cla »" 'he Daltonganj 
coalfield cover an arca of 200 sq. miles and, 
according to Huglics'» are represented only 
by the Talchir and pamuda (Barakar) series. 
The Barakar rocks of field could he more 
corrcctly assigned to Karharbari stage. 
The Karharbari rocks were included in the Tal-
chir scries on Palatfobotanical grounds by 
Feistmantel*, Latouche*. Oldliam», G- de P. 
Cotter*, Simpson and Ball«», and Wadia" 
while Saisc", Fox®, _ Gee*, Pascoc'® and 
Krishnan' considered desirable to group 
them with the overly'ng Damuda series on 
stratigraphical considerations. 
The Palaeocurrent patterns existing during 
the deposition of the Talchir and Karharbari 
in the present study with the help of the 
apposition fabric ot the constituent rocks. 
The Ijoulder bed at tbe base of the Talchir 
series has been investigated in respcct to the 
orientation of the long a*<» of its prolate pebbles 
as wdl as the orientation of "t<ar-drop" shaped 
grains in oriented sections of its matrix under 
the microscope. Th« three-dimensional ori-
entation pattern displayed by the fabric elements 
of the coarse fraction of tbe boulder bed shows 
that the pebbles arc preferentially oriented 
in a direction N62''W-S62''E and that they 
are imbricated toward® N 62°W indicating 
that the sediment 'vas transported approxi-
mately from WNW towards ESE. Further 
title JaWic pattern was lound to "be s'lm'fiar to 
till fabric in all its essential characteristics. 
Likewise the orientation of "tear-drop" shaped 
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grains of matrix of the Iwuldcr hc<l also indicates 
a similar direction of sediment transport. It may 
be tentatively suggcsttti that the Talchir boulder 
bed in this coalficid was deposited l^ y the agency 
of ice and that the giaciera in this region had 
moved in from WNW. This conclusion is in 
conformity with that reiched earlier by Sri-
vastava" who found the same pattern of fabric 
to exist in the boulder bed of the Talchir series 
in all the coalfields of the Damodar Valley, 
- Mi^rofabric investigations of the overlying 
Talchir and Karha. bari sandstones also iniiiratc 
a general west to cast direction of sc<Untcnt 
transport. The fabric data have l>ee» treated 
statistically for testing the significance of the 
results obtained. 
The continuation of the Talchir fabric 
into the Karharbaris is remarkable and is sug-
gestive of the fact that the same palacficurrcnt 
jiattern existed all through the deposition of 
the rocks under study. This conclusion is 
further supported by the results of the heavy 
mineral studies being currently undertaken by 
the authors. 
The results of the above study suggest 
tha? there was probably no major break in the 
grdiinentation nlstory of this basin after the 
deposition of the Talchir sediments. From the 
sedimentological point of view it appears that 
the Karharbari sediments constitute a conti-
nuation of the Talchir sedimentation and that 
the gK)uf)ing of the Karharbaris with the 
undrriying Talchirs, as done by Feistmantel', 
VVadia»* and others may l»e more appropriate. 
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ABSTRACT 
'fho »iiUior name aoroaa nuffloroua potriflod woody tiogufMi during tlio oourno of thin ».«t<tion 
(lAtion of Uu> biKwl Tulolilr (wndntoooii of tho Gondwana rocks of tho DaKongnnj OoAlflold. 
TJii« rtnvl ifl of inUw(»»t bnoauM «iioh plant romaina om practical iy unknown from tho lowtsr horifona 
of tho T»)<ihirii IM for as known to tho author. 
A short "wwroor iniorvar' during the doposition of tho oftrly Tnlohir nodiraonta is also 
from tbi«. 
Gsotoar ASD ROOKTYFBS 
Tho Lower Goinlwana rocka of the Oalfconganj coalficlil occupy an arcft of about 200 
•g. mUos. 
Only tho Talohlr and Baraka* Rooks are exposed within the limits of the field. B> 
f»r the greatest part of the area is covered by the rocks of tho Talchir scries whicli has 
IxHui e«timat-od by Hughes (1872) to be about 500 feet thiok. Tho Talchir sequence is 
well (Icveloiwd and consists of a bouhler bed at tho base followed by sandst^ines with minor 
intercalations of shaleB. Tho Bamkarft crop out only in tho central part and occttpy an 
KstM of about 32 sq. miles. No sedimentary mcks younger tlian tho Barakars are known 
to occur in this field. 
The Talchir sandstoneti containing the petrified woody ti««ue.") occur immediately 
•.bovo the Talchir boulder bed in the Sadava river section about 100 feet north of tho road 
bridge northwest of Purwa (Lat. E 84° 4', 24° 11' N I.«ng.). In the handspe<'imen tho 
rook U yellow to brownisli yellow in colour and is often friable. Black streaks possibly 
of plant material, are also found scattered irregularly throughout tho rock. I t is poorly 
•orte«l and TOttsista of angular to sub-rounded particles of quartz, felspars and rook frag-
nients. 
MICROSCOFIO CHAKAOTKB O F T H » WOODY TIBBTTCS 
In^cross sectional view the woody tissue under the microscope, show rectangtilar to 
ptnita^^nal cells as is seen in Fig. 2 and 3. Tho cell walls are not uniformly thick but 
tJicre is a gri'At variation from cell to cell. The thick wallefl cells appear as dark brown 
coating around the cell cavity or lumen, which is fillinl up either with mineral mat'er (silioa) 
'or with some dark material. Tl»o cells are not ilisrupted but are continuous with one 
anotlK-r. At several otlur places similar small pieces of iK>tritiiMl woofly matter arc also 
•ewi. Figure 1 shows »labelled! camera lucida drawing of a portion of this fragment showing 
simple pita. 
• R«k1 bafora iho Sooieiy oo O.CM 
3(1 S, II . 18RA1M [ v o l , . XXXVll 
Fig. 2 phowf a portion of m-condnrj' wood in wliich (he roll'* ore nrrangr»l in jmrailcl 
rowB. A flimilftr view of wood in cntsn Rcction is flot^a in Fig. 3 in which the woody utructnre 
is socn but not distinct nw in Fig. 2. 
All the cells havo h<>€n completely petrified ft« silica has replaeofl the eelhilar matter 
without diHtiirbing tJie continuity of the cell rowfl nor obliterating their shape to any con-
Hi»lerablc extent as at several places the original jwntajjonal f<ha}>« of the cells is dearly 
visibJe. The etnicttiral details of the cell walls liave been preserve*! nicely to Buch an 
extent that the middle lamellae are also clearly visible. 
A generic identification of the tissues is not possiltle because the tangential and raditi 
oeetions of the specimena are not available. 
SUMMARY AND CONCMJSION 
TJ>o occurrencc of jjotrified plant remains in the sandBt^ries juat above the boulder 
bed 19 interesting. AS mentioned earlier no )>lant remains have been re{>orted in the ba-sal 
Talchir rocks not only in this coalfield but also in the other Oondwana coaltields of India 
ft.<j far as is known to the author. Their ab.<?ence has been mainly attributed to the un-
favovurablo conditions existing at the time of the dej^wsition of the basal Talchir rocks 
although the strata overlying the boulder bed were admirably suited for the preservation 
of plant life. 
According to Darrah (1960, p. 133) silioificd woods with eonspieuouH (growth rings 
arc known to occur in other part^i of the (Jondwunaland in strata "more or Ic.^ t^ intimately 
associated with the boulder beds." He eonclude!^ from the above that there were several 
iat«rval8 b<>tween coldcr periods, and these intervals are represented by well-developed 
floras. I t appears quite likely that the sandstones containing the silicified plant tissues 
may well represent some such "warmer interyil" during the deposition of the early Talebir 
eodimonta which favoured the growth of plants. 
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APPOSITION FABRIC OF GONDWANA SEDIMENTS 
IN THE 
DALTONGANJ COALFIELD, BIHAR 
By 
S . H . I S R A I L I 
Department of Geolog/ 
ALIGARH MUSLIM UNIVERSITY, ALIGARH. 
ABSTRACT 
An apposition fabric study of Gondwana sediments in the Daltonganj 
coalfield, Bihar, has been made with a view to determine the direction of 
sediment transport during the Talchir and Karharbari times. The fabric of 
the boulder bed at the base of the Talchir series is similar to that of tills and 
indicates an approximately West-North-West to East-South-East direction of 
ice movement. Micro-fabric investigatioDS of the overlying Talchir and 
Karharbari sandstones also indicate a general west to east direction of sedi-
ment transport. The fabric data has been treated statistically for testing 
the significance of the results obtained. 
The continuation of the Talchir fabric into the Karharbaris is suggestive 
of the persistance of the same palaeo-current patterns throughout the 
deposition of the rocks under study. This conclusion is further supported by 
the results of the heavy mineral studies already completed by the author. 
It is suggested that the grouping of the Karharbaris with the underlying 
Talchirs, as done by the earlier workers, may be more appropriate. 
INTRODUCTION 
The fabric of clastic sediments is an important attribute of their texture 
and has been widely used in recent times in determining the direction of 
sediment transport in ancient, as well as in recent sediments. The relation-
ship between grain orientation and direction of transport in the different 
kinds of sediments, is now pretty well established and this fact had given a 
strong stimulus to the study of dimensional fabric specially of coarse and 
medium grained clastics. 
The application of dimensional fabric analysis to the Gondwana sedi-
ments of the Daltonganj coalfield forms a part of a plan to make a detailed 
sedimentological study of the Gondwana rocks of this field. The choice 
of this coalfield for the purpose of the present series of investigation 
was based on two main considerations. Firstly, the Daltonganj coalfield 
lies almost at the westernmost end of a chain of Gondwana coalfields 
which extends eastwards up to the Raniganj coalfield. Srivastava (1961) 
has already made a detailed fabric cum petrographic study of the Talchir 
boulder bed in all the six coalfields of the Damodar valley, which constitute 
the eastern-most 180 miles of this chain. It was thought interesting 
to study, how the results of the two series of investigations tally as far as the 
ancient regional slope and consequently the palaeo-current pattern of the 
area was concerned, specially with respect to the Talchir boulder bed. Secondly 
it was desired to study the stability of paJaeo-currents both in space and lime 
during the deposition of the Gondwana rocks in this field. The Daltonganj 
coalfield with extensive exposures and ideal accessibility ol its outcrops, 
provided a unique opportunity for this kind of study. 
The GondA'ana rocks of this coalfield are represented only by the Talchir 
and Karharbari groups. The Talchir boulder bed has been investigated with 
respect to the orientation of the long axes of its prolate pebbles ranging in size 
between 5 cms. and 15 cms. as well as the orientation of "tear-drop" shaped 
grains in oriented sections of its matrix under the microscope. The sandstones 
of the Talchir and Karharbari groups have also been analysed under the 
microscope in terms of their dimensional fabric in the same manner as the 
matrix of the boulder bed. The data has been represented graphically for 
ready visualisation and treated statistically for testing the significance of the 
results. 
STRATIGRAPHY 
Daltonganj coalfield lies in between the Koel and Amanat rivers in the 
Palamau District, Bihar. 
Among the earlier workers mention may be made of Captain Franklin 
and Captain Sage (See Hughes, 1870, p. 21), who made preliminary geological 
studies in this coalfield in 1829 and 1830 respectively. However, a detailed 
geological account of this field was given for the first time by Hughes (18 0). 
According to him the Gondwana rocks cover an area of 200 sq, miles in 
this field and are represented only by the rocks of the Talchir and Damuda 
(Barakar) series. 
On the basis of floral content, however, the Barkar rocks of this field were 
assigned to the Karharbari stage by Feistmantel (1883). He further considered 
it desirable to include the Karharbaris in the Talchir series and this scheme 
of classification was followed in later years by Latouche (1891), Oldham 
(1893), G. de P. Cotter (1917), Simpson and Ball (1922) and Wadia (1961). 
On the other hand, Saise (1894) preferred to group Karharbaris with the 
overlying Damuda series on stratigraphical giounds, forming their basal part. 
The coal-bearing Karharbari strata of Daltonganj coalfield have been assigned, 
on the above basis, to the basal part of the Damuda series by Fox, (1931), 
Gee (1932), Pascoe (1959) and Krishnan (1960), 
The Talchir series includes the oldest Gondwana sediments and rests on 
the Archaean basement with a profound unconformity. The series starts with 
glacial conglomerate containing pebbles of miscellaneous character and is 
succeeded by a friable and yellow coloured sandstone containing some petri-
fied woody structures (Israili, 1965). This in turn is overlain by a thin 
conglomeratic bed having a matrix very similar to that of the basal conglo-
meratic horizon. This thin conglomeratic horizon is succeeded by sandstone 
with intercalations of splintary shales. 
The Karharbaris consist of cycloihemic alternations of sandstone, shale 
and coal. The sandstone vary both in grain size and colour as one proceeds 
from the bottom to the top of the sequence. The bottom-most sandstone 
are micaceous-coarse grained and friable while the standstones higher up in 
the sequence are a bit calcareous and niuch finer than those below. The 
upper-most horizon of the sandstones is again coarse grained and varies 
in colour from yellowish grey to red. At some places near Novodih and at 
the confluence of the Jinjoi with Amanat rivers, these sandstones display 
current bedding. 
The geological map of the Daltonganj coalfield is reproduced in fig. 1. 

DIMENSIONAL FABRIC ANALYSIS 
Earlier studies and interpretations: 
Quantitative studies of dimensional fabric of clastic sediments have been 
made in large numbers, only in comparatively recent times. Although such 
studies have been made on practically all kinds of clastic rocks, the coarse 
sediments; gravels, tills and their lithified equivalents have received greater 
attention. 
Fabric studies on fluvial gravels and outwash deposits (Wadell, 1936; 
Cailleux, 1938; Krumbein, 1939, 1940, 1942; White, 1952; Schlee, 1957; 
Ganju and Srivastava, 1959) have demonstrated that the long axes of pebbles 
have a tendency to lie parallel to the direction of the depositing current and 
that in most cases the pebbles show a strong upstream imbrication. Schlee 
{loc. cit.) has further shown that "rod shape pebbles show a peripheral 
semicircular arrangement of the maxima, the biscctrix of which points in 
the down current direction and point minima are present adjacent to the ends 
of the semi-circle." 
Till-fabric by Richter (1932) and Krumbein (1939) indicate, that the long 
axes o f a great majority of pebbles lie paralle to the direction of ice movement. 
Holmes (1941) has further shown, that the long axes of pebbles in a glacial 
deposit also have a minor tendency to lie perpendicular to the direction of 
glacial movement. Later studies by Karlstrom (1952), Dreimanis and 
Reavely (1953), Harrison (1957) and Srivastava (1961), also confirm the 
observations of Holmes. 
Fabric of sands and sandstones had received comparatively less atten-
tion as compared to those of the coarse elastics. Dapples and Rominger 
(1945) made experimental study of the orientation of sand grains and 
concluded that the long axes of the grains oriented themselves parallel to the 
direction of current flow. They further pointed out that the "tear—drop" 
shaped grains were oriented with their blunt ends pointing upstream. Studies 
of Schwarzacher (1951), while confirming the observations of Dapples and 
Rominger, revealed that the sand grains also exhibit an upstream imbrica-
tion. Curray(19^6), Rusnak (1957), Sriramdas (1957) and Ganguli (1960) 
made thin section fabric studies on oriented sections and determined the 
direction of current flow from the orientation of inequidimensioral grairs. 
Their conclusions are in conformity with those earlier reachcd by Dapples 
and Rominger {loc. cit.) 
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Methods of Analysis : 
As mentioned earlier, the Gondwana sediments in this field are varied 
in their characters and lithology and consist of a boulder conglomerate at the 
base followed by sandstones and shales of the Talchir and Karharbari 
groups. As a result, different techniques were adopted for making fabric 
studies of the boulder bed and the sandstones. 
For making an orientation analysis of the constifuerts of the coarse 
fraction of the boulder bed, conventional methods as outhned by earlier 
workers were not adopted because of the peculiar nature of the outcrops and 
the difficult conditions of transporting large numbers of pebbles marked in 
field. As an alternative, pebbles between 5 cm. and 15 cm. were carefully 
taken out of their matrix, care being taken not to disturb the material below 
them. Invariably the pebbles left their impressions on the fine matrix below 
them into which they were fitted back after marking the position of the long 
axis on each pebble by means of two chalk marks. A ruler was then held 
parallel to the line joining the two chalk marks and its azimuth and inclination 
were measured with a clinometer compass. Since the present study was meant 
to be only of an exploratory character, measurements were made only on 
200 prolate pebbles of the specified size. 
The matrix of the boulder bed, being fine grained, was treaied differently 
for the purpose of fabric studies. Oriented specimens from two widely 
separated localties were brought from the field and thin sections were prepared 
parallel to the crude stratification. The orientation of 200 "tear drop" shaped 
particles in each section was measured under the microscope using the method 
outlined by Rusnak {loc. cit.). 
Oriented specimens of sandstones, from the Talchirs and the Karharbaris 
were treated in the same manner as the matrix of the boulder bed and 
likewise the orientation of 200 "tear drop" shaped grains in each 
oriented section was measured to determine the direction of sediment 
transpot. 
Presentation and Statistical Treatment of the Orientation Data : 
Although several methods of representation and analypes are available for 
the treatment of the orientation data, it was not considered necessary to 
report to more rigorous methods because of the nature of the present study. 
The azimuth and inchnation of the long axes of the selected pebbles 
of the boulder bed were plotted on Schmidt equal area net and a correction 
for the tilt of the strata was then made so that the attitude of the pebbles 
at the time of their deposition could be known. The final density diagi'am 
was prepared by contouring the point diagram so obtained using the method 
outlined in detail by Fairbairn (1954, pp. 285-90) 
Fig. 2 shows the three-dmensional onentatvon pattern displayed by the 
selected fabric elements of the coarse fraction of the boulder bed. The 
majority of the long axes are preferentially oriented in a direction North 62° 
West-South 62° East and are imbricated towards North 62° West. A smaller 
number of particles are also oriented transverse to direction of preferred 
orientation as is shown by the two sub-maxima. The fabric direction, as 
obtained from the distribution of the maxima and submaxima is 118°. 
r/G 2 ^ 
/'eas/es .r^o/^ rivjr /i/tjyfi ^ouiOfjP ^ re ^JLOVO /K/FSF/F 
ct/rrwtf JQUTM or n^^iro/jc/j^^y 
COHTOUDS 1-0 y. 
The azimuthal distribution of the long axes of pebbies has also been 
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presented as semicircular histogram in Fig. 3. The azimuths were first 
classified into eighteen 20° classes and the frequencies in the corresponding 
classes opposite to each other on the cirdc were then a d d ^ t o give a 180° 
distribution. As is seen from the diagram, the modal class of the distribution 
is not very conspicuous. Further, the azimuths of the long axes show a 
polymodal frequency tlistribuiion which does not taper off regularly on either 
side of the modal class. These features clearly show that the frequency 
distribution is not "normal" (Hirsh, 1959). The mode, taken as the mid-point 
of the modal class, is 110°. The arithmatic mean a7imuth (shown as broktn 
arrow) and the standard deviation of the frequency distribution, calculated by 
the method of moment measures (Krumbein, 1939), are Iu7° 36' and 50° 40' 
respectively. 
Fig. 4 (a and b) shows the azimuthal distribution of the "tear drop" 
no JMsr^/BfT/Of^ o^ ct'^y/s ^/Af^rMt o^ 
SH^icro fjrsejfs or '^oui.Dfrse'D.iSioire 
cvrtfftts set/r/v Of fiOKM/^^f^^.r^ftSMeufCY^iPceMr 
^iorrfp If* to' CiviJfs witjc^re 
/i^trHmerK /^eiw /fi/rfurM. 
Cvr tOT) 
( 6 ) /nxrrr or e<ni>finn e e n o (C^vkmck 
no 4 
DtjmenT/oir or 'o'aius zw/w/w of TcM DiPefi SH/>pe'D 
Sff^/ff Of rMf Mxri>,A of rfne»t» fiOLtoe/P isro rffrenax/fr 
fix fitorrfs y^Ttf -^tPA-^i tf^ofcr^ ^ostrtor^ cf/^ovrs fTNO rjvrfe T/c rff/fA/ ^T/AfvTJ/S. 
shaped quartz grains of the boulder bed represented as semi-circular histo-
grams. The frequency distribution in both the diagrams is "normal" although 
much skewed in diagram 'b'. The modes lie at 90° and 110° in diagrams 'a' 
and 'b" respectively while the arithmatic mean azimuths lie at 83°36' and 
The orientaticn of the '-tear-drop" shaped particles in three oriented 
seclicns of the sandstone of the Talchir series is shown in Fig. 5 (diagrams 'a'. 
ivesT Of Diivii^A? K/»i/r// 
Dinro/^e/i/tj co^/r/^^io 
fs/c r r) 
SOUTN O^ C/f/l'MW^ 
DALTO/iOA/VJ CO/>tr/riD 
(SK 2 T) 
(c) A/o/fTM o/- tff/e/eo 
V^lTONCafJJ COl*LF/£lZ> 
(S*<S T) 
r/G 5 Mr^tevnon o 'at' /ft/s Mi/fVT/rs 0/= re/i/? ofioP Sf^/}fieD 
9<//>/>n o/^ THC T/ILCHSI? sitrfDSTOf^es./!frest/£»r:y P C 
''torreo m 30'ctifsses. ft/o/ci^re poynof^-of />foDes 
IfflTHMAT/li MC/tA/ //^//^urf^s. 
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' b ' a n d ' c ' ) . D i a g r a m s ' b ' a n d ' c ' s h o w a poor orientation as is dear fiom 
the scatter of data and also by their polymodal frequency distribution. 
Diagram'a'however , shows a vary conspicuous modal class and a rroreor 
less "normal" azimuthal frequency distribution. The mode lies at 50° in 
this diagram while in 'b' and 'c' it lies at 70° and 50° respectively. Hero, 
again, there is not much variation in the position of the modes although in 
respects of the scatter of the data, each diagram diiTers from the other. 
Similarly the values of the arithmatic mean azimuth in all the three diagrairs 
vary only to a small extent being 45°48', 73°48' and 52°48' in diagram 'a' ,'b' 
and 'c' respectively. 
Fig. 6 shows the azimuthal data for the oriented sections of the 
Karharbari sandstones. The modes lie at 70° in diagrams a', 'b' ard 'c' 
while it lies at 110° in diagram'd' . In all of them there is a close corres-
pondence between the modes and the arithmatical mean azimuihs of the 
frequency distribution. 
(ai Jeur//Of f^f/s/f 
/f/i/e/f <_5/(l1&') 
J///JO/ JFcr/O/^ 
l i s/ 
f cy o/f roie/^^t/ 
7//r jtwfr/c// or r/9/i/i v/f 
/v/r^ i/Z^^yj M/t/r/k^ 
CA-o. S/1) 
/"/<; e par^mi/r/on or 'c'^A/S /9z'/wms of rf/f rt///V o/e^/' 
s/v/vPiTD oe/ft^rz C/i>A/// T/^S S/f/r^sro^^ 
/'C /ajcrrtv w ja" C/I^rsrts /V/P/foui //fv/e-zfre 
/'os/r/o/</ of Mooc^ fim /.e/r/iMtT/c wwj. 
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The Chi-square test has been used in the present investigation to deter-
mine the possibility which a given distribution of azimuthal frequencies 
might arise from an isotropic parent population. The test has been performed 
at 0 05 level of significance with 8 degrees of freedom, the critical value of 
Chi square being l5-5i . If the calculated value of Chi-square is greater than 
15.51, ihe hypothesis that the parent population is anisotropic, is accepted. 
It should, however, be noted that the rejection of the hypothesis does not, by 
itself, prove isoiropism of the parent population (Chayes 1949, p. 300). 
The Chi-square values for the various samples are listed in Tabic I along 
with other orientation statistics of the azimuthal data. 
TABLE-1 
ORIENTATION STATISTICS OF T H E GONDWANA SEDIMENTS 
IN THE DALTONGANJ COALFIELD, BIHAR. 
6 
Z 
c/i 
I Sample 
No, Horizon 
) 
Mod.' 
1 Anthma-
1 (ic Mean 
1 Azimuth 
standard 
Deviation 
Chi-
square 
1 Talchir Boulder bed 110° 107°36' 50°24' 
7-18 
2 Dr 10 T 
1 Matrix of the 
Talchir Boulder 
1 bed 
90° 83°36' 33°24' 55-55 
1 
3 Ra 8 T 
Vljtrix of the 
1 Tal<hir Boulder 
1 bed 
110° 84°36' 
1 
1 32°36' 
i 
1 
1 66-27 
4 Sk 8 T Tulcl.ir Sandstone 50° 45°48' 76°CO' 65 
Sk 4 T Talchir Sandstone j 73°48' 44°00' 19 
>,1 
1 
Sk 11 T Talchir Sandstone j 50° i 
j 
52°48' 51°48' 6 
7 Sk 14 B Karharbari Sand-stone 70° 66°24' 42°f0' 48-54 
8 K a 2 3 B Karharbari Sand- i stone j 
1 
70° 1 
1 
1 
73°24' 40°0()' 35-75 
9 Ra 3 B Karharbari Sand-stone 70° 8 r 3 6 ' 39°48' 27-33 
10 Ja 2 B Karharbari Sand- ! stone j 100° n r o o ' j 1 
1 
35°r0' 40-63 
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CONCLUSION 
The present study of the Gondwana sedimens in the Daltonganj coalfield 
reveals some interesting facts which are helpful in interpreting the sedinien-
tological history of the basin. 
The boulder bed at the base of the Talchir series shows a definite pattern 
of orientation of the long axes of the consituent prolate pebbles as is clear 
from the fabric diagram. The fabric elements are preferentially oriented 
in a direction North 62° West-South 62° East, and are appreciably imbricated 
towards North 62° West. The fabric symmetry is clearly monoclinic and 
consists of two conspicuous poles in the North-West quadrant with a corres-
ponding but minor conecntration of points diametrically opposite to it. The 
sub-maxima at right angles to the main direction of preferred orientation also 
exist. The general character of the fabric and the distribution of the maxima 
and sub-maxima is similar to that of tills. The direction of sediment 
transport, as deduced from the direction of imbrication of the prolate 
pebbles, is 118°. The values of mode and arithmatic mean of the azimuthal 
frequency distribution closely correspond to the fabric direction. 
It is to be noted that the value of the Chi-square (7.18) and that of the 
standard deviation (50° 24') of the frequency distribution is respectively very 
low and high, suggesting that the fabric elements do not exhibit any 
preferred orientation and that such a frequency distribution might arise out 
of an isotropic parent population. This conclusion, however, is not valid 
because the frequency distribution in question is polymodal and this feature 
strongly influences the values of the chi-square and standard deviation. In 
such cases the fabric pattern is a more reliable criteria for determining the 
direction of sediment transport becausc it is independent of the nature of the 
frequency distribution and also of the class intervals chosen. 
Microfabric study of oriented sections of the matrix of the boulder bed 
likewise shows a strong degree of preferred orientation of the "tear-drop" 
shaped grains of quartz as indicated by the values of Chi-square and standard 
deviation of the frequency distribution. The values of modes for the two 
samples analysed are 90° and 110° while the corresponding arithmatic mean 
azimuths arc S3°36' and 84°36' respectivaly. The direction of sediment 
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transport, as indicated by the above values, can be taken approximately 
from west to east. 
Pending a more detailed study, it is tentatively suggested that the 
Talchir boulder bed in this coalfield was deposited by the agency of ice 
and that the glaciers in this region had moved in from the west or west-noth-
west. This conclusion is in conformity with that reached earlier by 
Srivastava, (loc. cit) who found the same pattern of fabric to exist in the 
boulder bed of the Talchir series in all the six coalfields of the Damodar 
valley. 
The overlying sandstones of the Talchir series also exhibit a uniform pattern 
of fabric. Of the three oriented sections analysed, one shows the mode 
of the frequency distribution at 70° while the remaining two at 50°. The 
corresponding values of the arithmatic mean azimuth are 73°48', 45°48' 
and 52°48'. The Chi-square values for the first two samples is much above 
the critical value but for the third it is very small making it probable that 
the parent population in this case might have been isotropic. The di-
rection of sediment transport during the deposition of these rocks appears 
to be apooroximately South-West to North-East or West-South-West to 
East-north-East. 
, The succeeding Karharbari strata also shows the same pattern of 
fabric and also approximately the same direction of sediment transport 
as the underlying Talchirs The regional slope during this period appears 
/to have been from West-South-West to East-Noth-East although local 
varitations might have existed as is suggested by by sample No. Ja 2 B 
.which indicates an approximately West-North-West to East-South East di-
'rection of sediment transport. In any case the variations are not vary 
larg; and the source area supplying the Karharbari sediments should also 
have ex i ted in a general westerly direction with respect to the Daltonganj 
basin. 
The continuation of the Talchir fabric into the Karharbari strata is 
striking. This not only indicates that the regional palaeo-slope in this 
part of the land remained the same during the deposition of both the 
groups of rocks but may also suggest that there was no major break 
in the depositional history of the basin after the Talchir sedimentation. 
This suggestion is further strengthened by the results of heavy mineral 
14 
studies already concluded by the authors. The results obtained show 
some striking similarities between the heavies of the two groups of rocks 
suggesting a more or less common source area for the Tarchir series as well 
as tha Karharbari rocks. 
Although no sweeping generalizations are intended on the basis of 
this study," the results so far obtained strongly suggest a close relationship 
between the Talchir and Karharbari rocks of this coalfield. It is felt that 
grouping of the Karharbaris with the Talchirs, as suggested by some of the 
earlier workers, may possibly be more appropriate. 
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ABSTRACT 
The size parameters have invariably been used for differentiating various env'ron-
men!s of deposition. The author, thus made various scatter plots by combining any 
two of the size parameters. It is inferred from these plots that the material which 
contributed in the accumulation of these sediments has undergone a series of changes 
before final burial. It has been indicated by the mixing of various types of modes 
{Sand, Shale or Clay etc.) that resulted in poor sorting and positive skewness in the 
other. The abrupt change from coarse to fine or vice-versa and occasional difference 
in the fades and sudden appearance of arkeses indicate panecontemporaneous faulting 
and unstable conditions and quick burial at the time of deposition. It has also been 
observed that coarser materials show poor sorting that the finer one. 
The environments of deposition were calculated by applying Sahu^s *Multivariatt 
analysis'. The deposition in these coalfields started with a glacial environment in tht 
begining followed by a marine incursion in one of the coalfield (Daltonganj), although 
it was only for a short interval. It was succeded by a turbidite (Varvites etc.) and 
fluvial sediments. The author agrees with the conclusions earlier reached by 
Mason and Folk {1958) and Friedman {1961) that skewnds is more sensitive to 
environment. 
INTRODUCTION 
The mineral composition of clastic sediments for the most part seems to 
reflect the nature of the source rock, whereas the textural parameters are 
chiefly related to the mode of transportation and the energy conditions of the 
depositing medium. In the past various types of environments have been 
distinguished on the basis of size parameter characterstics and a study of the 
previous literature reveals that various workers have tried to distinguish the 
dune sand from beach and from river sand (Von Engelhardt, 1949, see 
Friedman, 1961, p. 515, Nanz, 1954; Shepard and Moore, 19^5 and Shepard, 
1960). Methods which were proposed in the studies for distinguishing the 
diTerent environments of deposition were, the texture or morphology of sand 
grains, the sand and silt ratio etc. 
Folk and Ward (1957) used size analysis as an important basis for ready 
distinction between beach, dune and river sands. The best means of differ-
entinting which they attributed is by plotting skewness and kurtosis. 
On the contrary Shepard and Young questioned the findings of Mason 
and Folk (1958) that grain size analysis is of no value in discrimination of 
dilTerent environments and described several valuable laboratory techniques 
for differentiating beach sand from dune sand, by using the diff"erences m 
roundness, silt content and heavy minerals. Folk (1962, p. 145) further 
concluded that the contrast in the negative results of Shepard and Young 
versus those of Mason and Folk (ioc. at.) is due to settling tube which 
Shepard and Young applied for measurements does not measure grain size in 
the same way as sieves. The two methods are, therefore, not comparable. 
Sahu (1964) based his studies on the findings of Kendall and Stuart (see 
Sahu, 1964) and Rao (1952) and used mean size (Mz), standard deviation 
( d i ) skewness (Ski) and kurtosis (Kg) for what he called as 'Multivariate ana-
lysis'. He regarded it as the source to indicate the environments of deposition 
and assumed that it has its own characteristic energy condition and energy 
variations through space and time. These are indicated by the preservation 
of the source material of all sizes. 
In order to distinguish the various environments of deposition, the author, 
first plotted five scatter diagrams by taking the two different parameters as 
ordinate and abscisa for finding out the different stages under which their 
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source material has gone through. Secondly the author applied Sahu's {loc. cit.) 
discriminate functions to distinguish between aeolian, marine, fluvial afld tur-
bidity current mechanism and between littoral and shallow marine agitated 
water (down to 300') environments from the fluvial sediments and vice versa. 
GEOLOGICAL SETTING 
The Palamau coalfields comprise Auranga, Hutar and Daltonganj basins 
of Palamau district in Binar. They cover an area of about 580.9 square 
kilometres inclusive of outliers and are bounded bv 83°45' and 84°45' 
meridians of the east longitude and 23°30' and 24°15' parallels of north 
latitude. These coalfields occupy the westernmost portion of Bihar, 
outside the catchment of the Damodar valley which in Fox's (1934, p. 152) 
opinion were an integral part of the later. The thick pile of the fresh 
water sediments in these coalfields ranging in age from Upper Carboniferous 
to Traissic, including rocks of varied characters 
The nrf^sence of alternating bands of coarse and fine material, current 
markings and other sedimentary structures, have led various authors to express 
different views about their origin. Oldham (1893, p. 151) observed "on the 
whole, the evidence is decidedly in favour offluviatile origin of the Gondwana 
rocks, and it is probable that they were deposited in a great river valley, not 
unlike those which form the Indogangetic plains at present day" Similar 
views were later expressed by Simpson and Ball (1922, p 2); Fox (1931, 
p 47) and Pascoe (1959, p. 911) 
The Precise structural nature of the Gondwana basins is also controver-
sial. Blandford et al (1856) and Oldham (loc cit.) were of the opinion that 
the areas of depression which the Gondwana coalfields occupy were produced 
after the deposition of the rocks. Simpson and Ball (loc. cit., p. 2), on 
the other'hand, believed that the Gondwana coalfields ref-resent the "'basins 
of original deposition at some places while at other they are preserved due 
to faulting". Jowett (1925, p. 129) and Gee (1932, p. 27; 1941, p. 4) 
concluded that originally the Gondwana sedimentation must have extended 
over larger tracts. 
The age of the trough faults has also not been determined but they are 
supposed to be pre-Gondwana age. It is, thus, believed that the sediments 
were deposited in well defined structural basins (Fox, 1934, p. 23; Wadia, 
1961, p. 323). Krishnan (1960, p. 323), on the other hand, beHe\es that 
the trough faults are partly contemporaneous with deposition in Lower 
Gondwana times but largely post depositional of the Lower Gondwana 
sediments. 
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'Ahmad (1961, p. 126) suggested that faulttng was from Middle to 
Upper Cretaceous in age. Elsewhere (1966, p. I) he has pointed out that 
the faulting took place after the deposition of Gondwana sediments and 
almost all ihe faults are normal. 
As regards the stratigraphy of these coalfields, opinions differ amongst 
the geologists. An outline of the geology of these coalfields based on the 
work of Hughes (1872), Ball (1878), Day (1929-1930, see Fermor, 1931). 
Dann (see Fox, 1934, p. 151), Das Gupta (1956) and Bhattucharyya (1963) 
is given in Table I. 
The Talchir Boulder Bed starts with a Boulder Bed, considered to be of 
glacial origin. Recent fabric studies of these sediments by Israili (1966, 1967) 
confirms this view of their origin. It consi<;t'; of rounded to angular pebbles 
and cobbles, which are unsorted and are chiefly of the metamorphic rocks, such 
as, Quartzites, amphibolites, epidosites and gneissose rocks, in addition to 
angular fragments of granite, are set in abundant fine-grained, dark coloured 
grawacke-like matrix. The bulk of the Talchir Series consists of green 
argillaceous sandstones with olive green splintery shales and varved clays. 
Barakar rocks constitute the lower subdivision of the Damuda Series 
in the Auransa coalfield and consist essentially of a sequence of coarse-
grained sandstones, carbonaceous shales and occasional intercalations of coal 
seams. In the Hutar and Daltonganj coalfields, the Baraker rocks are 
assigned to the Karharbari Stage by Fiestmantel (1883) and on the basis 
of the sedimentological studies by Israili (1963), Israili (1966 and 1967). 
It is considered desirable to be included into the Talchir Series by 
Fiestmantel floe, cit.) and is followed in later years by Latouche (1891), 
Oldham (1893); Ge de P. Cotter (1917); Simpson and Ball (1922); 
Wadia (I9fil). and Israili (loc. cit.). On the other hand, Saise (1894) 
preferred to group Karharbaris with the overlying Damuda Series on 
stratieraphical grounds forming its basal past. This scheme of classification 
has be;n followed in later years by Fox (l931): Gee (1932); Pascoe (1959) 
and Krishnan (I960). 
The Karharbari rocks differs from the Barakar by their more friable, 
earthy, calcareous mture. ranging from grey, white to yellowish green in 
colour The overlying Raniganj in the Auranga coalfield are characterised 
by the fliggy nature of their shales and sandstones. These are fine textured, 
medium grained giey to yellowish grey coloured rocks. 
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The overlying Panchet rocks range from clay to coarse grit of several 
varieties, some loose and ferruginous others white and highly felspathic. 
Brick red to chocolate red clays are intercalated in the upper strata. The 
Mahadeva rocks which overlie the Panchets are chiefly confined to hill 
ranges, extending in a north-west lo south-east direction. The rocks of this 
series include chiefly the dark reddish brown, ferruginous sandstones with 
extremely sparse strings of iron stained quartz ptbbles. There are also white 
loose—textured grits and some white clays. 
SIZE PARAMETERS 
For calculating the size parameters various formulae exist in the literature 
(Krumbein, 1934; Otto. 1939; Inman, 1952; Folk and ward, 1957; Friedman. 
1962). The following formulae given by Folk and ward (l957)whi(.h could 
bi applied to both normal and non-normal distribution have been used. 
Median diameter - Md = 50 
<!> 16 + </> 5" + 84 
Mean diameter - Mz = 
Standard-Deviation - a^ = 
<!> 84— <!> 16 0 95 - - / -5 
4 + 6 . 6 
CI CI f 9i84 + 0 1 6 - 5 0 Skewness - Sic, == 
95 + 5 - 2 50 
<f>95 - <f>5 
r^ - r^ < ^ 9 5 - 0 5 
Kurtosis - Kg = 2 41(0 75-<^25) 
The mean size (Mz) descrives the central tendency whereas the standard 
deviation (cr j ) is a measure of sorting coeflBcient of the sediment and indicates 
the fluctuations in the depositing medium about its average velocity. 
Skewness (Ski ) measures the asymmetry of the size frequency distribution. 
Recently, Mason and Folk (1958); Friedman (1961) and Folk (1962) 
demonstrated the implications of the skewness which provide aii excellent 
method for distinguishing beach from dune sands etc. Kurtosis (Kg) on the 
other hand, measures the flatness or peakedness of a frequency distribution 
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and is a measure of sorting within 90 per cent of the distribution to the 
central 50 per cent. Thus, according to Kendall and Stuart (1958, p. 86, 
see Sahu, 1964, p. 78) kurtosis is a measure of sorting ratios rather than 
flatness of the frequency curves. 
Folk and Ward {loc. cit.) and Mason and Folk {loc. ext.) demonstrated that 
kurtosis like skewness is also a meacure to distinguish the different types of 
environments of deposition of the sediments. 
PRESENTATION & TREATMENT OF THE DATA 
The results of the particle size analvsis are plotted both in the form of 
histograms and cummulative curve-!. Histograms give the nature of the size 
frequency distribution and amount of material in the modal class. From the 
cummulative curves calculations for various size parameters were made 
applying Folk and Ward's (1957) formulae. 
In order to undersfand the geological significance of the various size 
parameters five scatter plots were made to reveal the interrelationship of one 
with another as attempted by Folk and Ward (1957); Mason and Folk (1958) 
and Friedman (1961), Fig.-I shows the scatter plot of standard deviation 
versus mean size, gives a inverted 'V-shaped trend in the frequency curve 
indicating a normal to polymodal frequency distribution. This is true even 
in case of fine clays because the majority of the clays have a considerable 
proportion of sand. Take for instance the Talchir Boulder Bed, due to the 
admixture of various modes (boulders, pebbles, cobbles together with clay 
and fine sand), sorting indicating turmoil conditions at the time of deposition 
whereas in case of Talchir sandstones sorting tries to improve because there 
only one mode ( sand ) predominates. Barakar and Mahadeva and some 
Raniganj shales and sandstones indicate a mixing of two or more type of 
modes (clay with sand or vice versa), that leads into the polymodal frequency 
distribution. It may also be attributed to the tectonic instability and local 
contribution in the source material which was rapidly deposited. It has been 
strengthened by the presence in lower subdivision of the horizon with angular 
quartz and felspar grains. 
Figure-2 shows skewness plotted against mean size. The trend is 
markedly sinusudal but in majority of cases it is symmetrical or skewed to 
wards right otherwise where the coarse-admixture exceeds ttie sand size, it )s 
skewed towards negative, whereas positive skewness values are obtained at 
the right end of the trend. It indicates that the sediments in every horizon 
of the Gondwana system have undergone through a series of changes that is 
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the mixing of two modal materials e. g,, one derived from the original source 
rock and other locally derived one before final burial. On the contrary it 
should give normal skewness curve if it would have been composed of pure 
mode (sand, shale). 
In Fig.-3 kurtosis is plotted against the mean size. From the plot it is 
revealed that the kurtosis values decrease as the mean size decreases. As in 
the shales the kurtosis values are very low whereas in the grit they are as higli 
as 6.8 and in sandstone they are normal to the frequency curve. It indicate 
the changing condition of deposition from grit to shales that is from turbulent 
to tranquil conditions together with supply of sediments from the mixed 
sources, are the possible cause for such high values. 
In Figure-4 skewness is plotted against standard deviation, a measure of 
degree of sorting. This figure indicate that most of the samples do not show 
a normal frequency distribution. It may be due to a bimodal distribution 
in an unequal proportion (25:75 or 75:25) sand and shale ratio (Folk and 
Ward, 1957, p. 20, 318), a characteristic of fluvial sediments. As is evidenced 
by the skewness and standard deviation values of Talchir Boulder Bed that 
is undoubtedly of glacial origin (poorly sorted), the skewness and standard 
deviation values are the highest whereas they are normal in some of the 
sandstones which are supposed to be of marine origin. The occurrence of 
'Fenestella' and the well sorted nature and unimodal frequency distiibution 
bear the testimony to this fact. In other succeeding horizons the standard 
deviation and skewness values are moderate, that are mainly of fluvial origin. 
Figure-5 shows the plotting of standard deviation against kurtosis leads 
to the conclusion that the unimodal samples show higher values for kurtosis 
and fair sorting. Thus the kurtosis is an expression of sorting rather than the 
flatness or peakedness of the frequency curves, as is stated by Kendall and 
Stuart (1958, p. 86, see Sahu, 1964, p. 78). 
Taking in to account the earlier studies of Folk and Ward (loc. cil.), Folk 
and Mason {loc. cit.) and Friedman (loc. cit.) the sorting was plotted against 
mean size only for the sandstones (Fig. 6) and the author further went into 
detail by calculating the absolute mean deviation both for mean size and 
sorting by applying ths moment measures. The value of centroid was then 
calculated by taking an average of all the data for sorting and mean size of 
each horizon separately. Their positions were plotted on the same diagram. 
The absolute mean djviation values both for sorting and mean size were 
plotted taking the centroid as an average of marker point. The centroid and 
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for each horizon was determined. The centroids for Talchir and Panchet 
sandstones show close proximity on the one hand and of Barakar, Raniganj 
and Mahadeva on the other. 
In the author's opinion this relationship bears certain genetic and 
environmental affinities and might be due to somewhat similar conditions at 
the time of deposition of the Talchir to that of Panchet rocks unlike in the 
Barakar, RanigMnj and Mahadeva sediments. - A s is evidenced from the above 
five plots (Fig. 1-5). the Talchir and Panchet sediments show fair sorting, 
normal skewness and kurtosis, it could be concluded that Talchir and Panchet 
sediments were deposited under tranquil conditions. It has also been 
supported by the microscopic studies done by the author that shows the 
presence of undecomposed felspars, large detrital angular to subrounded 
grains of granitoid and greenstone rocks that indicate subsequent deposition 
without much reworking. 
It is thus inferred that at the time of deposition of Talchirs and Panchets, 
there was less turmoil in the depositing medium rather than at the time of 
deposition of Barakar, Raniganj and Mahadeva sediments which were 
deposited under conditions of great instability due to the intermitant faulting 
and quiscence. 
In general appearance, the Panchet sediments are felspathJc and 
micaceous and often of white and greenish white in colour, irregularly 
laminated and in this respect they recemble with the Talchirs. Therefore, it 
may also be probable that like the Talchir sandstone period, the climate at 
times during Panchet period should have been colder. Eastern Australia 
during lower Traissic was also considerably coldcr as at one time both were 
the part of the same continent, which could also be taken as supporting 
evidence. Ahmad (1961, p. 48) and Wadia (1961, p. 176) have also reported 
a cold cycle in the Panchet period, the evidences of which they reported the 
presence of undecomposed felspars. The Barakar, Raniganj and Mahadeva 
sediments in which the supper abundance of plant life, suggest a much 
warmer climate. 
ENVIRONMENTS OF DEPOSITION 
In order to distinguish various environments of deposition, Sahu's (1964) 
discriminate functions to distinguish between aeolian, marine fluvial and 
turbidity current mechanism and between littoral and shallow marine agitatfd 
water (down to 300') environments from the fluvial sediments or vice-versa, 
were used. 
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On the basis of Sahu's discriminate functions, 68 analyses were calculated, 
including representative samples of complete sequence of the Gondwana 
system from these coalfields. The samples from varvites and the Talchir 
Boulder Bed which is supposed to be of glacial origin give "YU value less than 
9.8433, indicating an origin similar to turbidite deposit. It could be explained 
by the fact that these are composed of gravels or the tills which lead in 
worsening the sorting. But at many places the glacial sediments are 
intercalated with turbidity current deposits 
For the remaining samples, except for the Talchir sandstones in Daltorgaj 
coalfield the Yu value comes to be more than 9 8433, indicating characteristic 
fluvial environment (Table II). The Talchir sandstones in Daltonganj 
coalfield, in all other respect, especially in textural parameters are alike with 
their counterparts in the Hutar and Auranga coalfields But few samples 
indicate a marine environment. The reported occurrence of Fenestella in 
these sediments conrirms this. The sorting of these sediments is fairly good. 
Unlike the fluvial sediments, in the marine sediments, the uniform velocity of 
currents in the shallow marine environments give rise to sediments that are 
less positively skewed and platy kurtic (Fig. 1-5). 
From the above discussion, it may be concluded that during the deposition 
of the Talchir sandstones marine conditions existed briefly, following the 
deposition of the glaciated bed (Talchir Boulder Bed). It is interesting to 
point out that the Permian sediments in Tasmania (Carey and Ahmad, 1961) 
have sequence similar to that of the Talchir Series. Carey and Ahmad (loc. 
cit) are of the openion that wet base glaciers produce great thickness of 
unfossiliferous tills, which may contain occasional sand or mud interbeds that 
give place to marine sands, silt and inter-bedded frequently with turbidity 
current deposits. 
CONCLUSIONS 
In order to understand the geological significance of size perameters, five 
scatter plots were made to reveal the conditions which led to the poor sorting, 
polymodal frequency distribution negative skewness in one horizon and fair 
sorting unimodal to bimodal frequency distribution and normal skewness 
values in the other horizon of the Gondwana system. 
The plots show that majority of the samples of the Gondwana sediments 
are poorly sorted, and show negative to positive skewness and mostly 
polymodal frequency distribution. It is attributed to the changing conditions 
in the basin of deposition due to the instability at the time of burial. 
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Secondly it could be inferred that the coarser sediments are less well 
sorted than the finer one and, therefore, the degree of sorting is not dependent 
on the energy conditions of the transporting agency but also upon source of 
sedimentation. The heavy mineral studies of these sediments made by the 
author (1967) indicate the abundance of garnet, zircon, tourmaline, rutile, 
epidote, actinolite titanite and monazite together with some opaques. 
Considering their tabular prismatic to subrounded and well rounded 
stability to weathering resistance to abrassion and general persistance, it is 
concluded that they have been derived from both local and far off distances 
having sediments of varied nature. Although, roundness is not necessarily 
the indicator of distance. 
It is thus inferred that the Gondwana sediments are polygenetic in origin 
and indicate variable energy conditions of deposition. The author agreed 
with the conclusions earlier reached by Mason and Folk (1958) and Friedman 
(1961) that skewness is environmentally sensitive of deposition during the 
Gondwana sedimentation. It was glacial in the beginning followed by marine 
incursion, although only for a short interval giving place to fluvial sediments 
to a greater part. 
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BEA»mO OF HE/VY MINERAL STUDIES ON THE POStTIOt: 
OF THE KARHARHARI BEDS IN THE DALTONGANJ 
COALFIELD, BIHAR 
V. K, SRIVASTAV \ and S. H. ISRAILI 
l>eptrtmeiit ofG tin'iy, Atlgrah Muriim tiiiivmily, Ali{pii4i 
AB8TRAOT--The jirwent itudy ha» revcaird • c>o»e •iiniiarity between the heavy mineral 
nCthr Tatchir and Kartiatbari Mdimrnts, imlicating .> common provenanre f it 
both. Ttiit evidmre, ir conjidercd in the light of th<- resulti nfihc fabric analysb of theie 
ifdimrntt made earlter Inr itir author), Mrongiy sugg'oi.'i (hat the grouping of the Karharbari 
bedf with the Talrhir tci^t initead of the Daniuda icrirt i> tmirc aj proprifite. 
INTRODOCnON 
Ahfavy mineral study of tbcGondwana spili-mt'tUs fram ihc Dahonganj coaifleid has 
'bo«>n undcrtaki^n by the aiithoin tu supplement 
ihi'ir earUcr study of the apposhJon fabric in 
(he »(unc area (SHvastava & Isratit 1963). The 
resuh* of the fabric invoiigation proved lo be 
iiitpmtting in as in«t< h at they ttrongly suggest-
ed a close n-lationship IwlwtHtn the Talchir & 
Karharbari scditnPHtt which W r c found to 
possess the same fabric pattern and the same 
direction of s(>dinicnt transport, indicating a 
common suurc« ure.i for both. It was suggest-
ed that in vic\\ of such and otht-r simiiaritirs 
the Karharbaris could grouped with >the 
underlying Talchin instead of the overlying 
Barakars. 
1 was further thought that if iho Talchirs 
and Karlutrbaris hati more or IONS the same 
source area and. were di»positi«d by thi* same 
pattern of palaeu-currents as indicated by the 
fabric study, this fact should be reflected in 
the itaiure of their respective heavy mineral 
rmdues. 
In the forctent study heavy minerals have 
been extracted from t'le matrix of the bouluer 
bed well as from sainlstones of the Talchir 
and Karharbari stages and an attempt I as been 
made to comf ire the restilM with the f.lrcady 
existing data from other conlfields of eastern 
India. 
Cl.A$SlflCATiON OF OONOWANA SeplMCJ«'n 
According to Hughes (1870), only the rocks 
of the Talchir and Damuda (Barakar) series 
are present in thu field and cover an area of 
about 200 sq. miles. However, the no-called 
Barakars of this iuatfi"ld were assigned, on 
palaeolMitanical grounds, to the Karharbari 
stage by Feistmnntel (1883) %vho, following 
Blanford (tU7H), grouped these rocks with the 
Talchir series, forming its topmost l..mzon. 
This scheme of classification was followed in 
later yeat^ by Latouehc (1891), Oldtuim (1893),. 
G. de P. Clotter (1917), Simpson nnd Ball' 
(1922) and Wadia (1953). On the other hand 
Saise (1894), for startigraphical reasons, pre* 
fcrred to place the Karharbaris at the base of 
the 0%-erlying Damuda series. Among the 
bupporters of this classiftcatory scheme are Gee 
(1932), Fox (1934), i-asjo^ (1959) and 
Ki:>hnan (1960). 
In common with all the other Gondwana 
coalfields of India the Talchir series starts with 
ii V. K. SRIVASTAVA 4)f S. M. tSRAlU 
a b««al boulder bed considered to be of glacial 
origin. Roccnt fabric studies by the authors 
(Srivastava and hraiii, 1963) confirm this view 
of their origin. The boulder bed consists of an 
unsorted accummulation of coarse debris set in 
an abundant fine-grained graywacke-like 
matrix. It is succeeded by sandstones of 
variable grain size which contain subordinate 
intercaJatioMS of green splintery ihalev The 
rocks f>f Karharbari stage consist essential!) of 
a sequence of coarse grained sandstones, caibo-
naceous shales and occasional intercalations of 
cual seams. 
KEAVV MINKRAU 
I 
Samples containing about 20 to gm^. of 
the very fine sand fraction (1/8 mm. to 1/16 
mm.) of the matrix of the lioutder bed and 
50 to 200 gms. of the same grade from the 
Takhir and Karharbari sandstones, obtained 
earlier during the mechanical analysis of these 
sediments, were digested in I N hydrochiciro 
acid to remove the coating of iron oxide around 
the grains. The samples were then dried and 
weighed. 
The heavies were separated from these 
samples according to the technique suggested 
by Krumbein and Pettijohn (1938, pp. 343-
344, Fig. 153) using acetyU-ne tetrabromtde 
(8q. Gr. 2 94 at 33°C) as the separating liquid. 
The heavy mineral crop so obtained was 
washed with car>>on tetrachloride and dried. 
A small sample containing about 1000 grams 
of the heavies wa then obtained by using the 
sinfple technique suggested by Hutton (1950, 
p. 69 ;> and mounted pennanently in Canada 
balsam. 
For (he identification of the opaques a 
small portion of the heavy residue was mounted 
in seating wax, polished and studied under the 
ore microscope. 
TABLK 1 
Weight Percentage of Heavy Minerals in the 1/8—1/16 mm. 
grade in the Gondwana Sediments of Daltonganj 
Coalfield, Bihar 
TALCHIR STAGE 
Tatchir Uoulder Bed Takhir Sanditone* 
t impl^  No. RKJT RK2T DrIOT DrllT Drl2T Average SK4T SK9T SKIIT • Average 
Weight Percentage 8-96 n-54 971 545 522 818 2-9 029 0-35 r iu 
KARHARBARI STAGE 
Sample No, SKUB SK25B SK32B Kal3B Kai6B Jal2B Ja2B Jal8B Average 
\V«-i|[hl IVicfniagc 4-2S 2-5 2-17 0-87 1-30 0 16 OCI 019 1-50 
HEAVr MWERALS OF KMHARBMI BHDS IN DALTOmASJ COAlJPIELto Si 
The percentage by weight of the total 
heaviet present in the matrix of the boulder bed 
and Talchir and the Karharbari *andstoncs 
•how »ome interesUng trends. Taulc I shows 
the weight percentage of the heavy minerals in 
the very fine sand fraction of the different 
samples. The total quantity of the heavy 
minerals in the matrix of the boulder bed 
varies from 5'22% to 11-54% by weight r f the 
sample with an average of 8'18%. The Tal-
chir sandstones contain a much smaller con-, 
ccntration of heavy minerals, the quantity 
var>'ing from 0-29% to 2'9% by weight witli 
an average of M 8%. There is again a slight 
increase in the total quantity of the heavies in 
the Karharbari sediments varying from 0*46% 
to 4-23% with an average of I "5% by weight. 
In the present study 200 grains per slide 
were cuunted and the frequencies determined 
according to the scale devised by 'Evans 'ft 
t>»hm (1933). Table 2 .shows the distribution 
of the heavy minerals frequencies in the various 
groups of ihe Gondwana rocks. Text figure 1 
shows tl|e average frequency of the heavies in 
Talchir and Karharbari sediments. 
T/^bl® 2 
Heavy Minerals of Talchir and Karharbari rocks, Daliongaitj Coalfield, Bihar 
Matriic of the Boulder-bcd Talchir SaiKbtoiie Karharbari Sandstone 
Hrnvy 
Mineral! 
H 
S 
sc 
H 
i a 
H f** & & i U V) 
H 
2 (O 
n 
w i t/j 
s s tt —> 
ca 
•3 
s 
A 
C»»rofi 8 ~ 8 - 8 - 7+ ? 6 + 7 8 6 + 6 5 5 2 
Toui-maiine 3 4 4 4 3 3 4 . 2 4 54- 5 3 4 5 
Zircon 4 4 1 5 2 5, 6 - 6 + 3» 5 .5 4 4 2 
PilMcile 3 . 3 3 2 4 4, 3. 2 I I 1 2 2 1 ' 
Zoiiile 2 2 — 3 6 - 5 5 4 3 — _ 3 2 _ 
Ruitle 2 — 4 — 3 — 1 2 2 3 1 3 2 
Actiuolite-Treinolite 
« 
5 3 5 5 5 2 2 — — — 1 — — 
Mtitinc(ite& Iliiieiiite 4 4 5 5 5 5 5 . 5 5 6 7 - 74- 7 8 
TitsiiikC — — • 1 3 — -
^ 
— — — — 2 — 
Mui icite — 2 1 3 1 . — — — — — 
Al'-iitei 4 3 J 4 3 7 - 5 2 5 6 6 - 3 5 2 
UtNeRALOOV 
Actinol 'Ic TrfmoUu 
Aciitiolite and trenioliie occur in all 
samples of Uv»' mainx of Uie boulder bed and 
range upto ihe lower Talcnir ssandstunM but 
are almost entirely absent iVom upper Talchir 
and Karhaiburi jiandi>tonfs. Only one grain 
ot tri'inolite Uas been observed fnmi the lower 
Karharbari horizon. Actinolite is light bluish-
green in" colour and occurs as jhcri prismatic 
cr>-stals with distinct cleavage showing feeble 
oleochrobm. Tremolite grains are colourless 
and occur as fibr >us crystals. The graiits of 
both these minerals are distinctly etched 
jperially those from the Talchir and Karhar-
bari sandMones. 
23 r. K. & S. if. tSRMU 
Epidotfs (Pijtacitf, Clino/oishe and Zowi(e) 
Pislaciteoccurs in alnin«ta)l the Iwri/onx but 
is fairJy common in the l>ouldrr oed and also 
in the lowor portion of the Talchir 5and»tonos. 
It is yelIowi*h-gm'n in colour with >ul>angular 
to rounded gra'ns and exhibits a "compass 
nwdlc" intcrfvrcnce figure undo convergent 
Uii,ht. The other two varieties, viz., zoisite and 
t Jinozoisite are colourless ?knd occur as angular 
i/> subrounded grains, and show "uhra blue" 
anomalous birefringence colours. The zoisite 
grains are mor« common and distinguished from 
clinozoisite by the smaller optic axial angle. 
Tourmaline 
Five varieties of toiumaline have been 
recognized on the basis of colour, namely, 
brown, blue, green, yellow and pinji. The 
bluish grains are usually subangular to sub* 
rf>«nded while other varieties are prismatic 
anti euhedral. I 'he green and brown varieties 
octur tliS»rac«crisiically in the boulder bed 
while the y« llow and blue varieties are common 
tu the Talchir sandstones. In the Karharbaris 
probably all the types are equally common. 
The grainji are pleochroic and some of them 
show authigenic overgrowths in optical conti-
nuity with the detrital grains. 
Garnet 
Three varieties based on colour are dia-
tinguishable, namely, biown, pink, and colour-
less. The brow'i variety is common in ihe 
boulder bed, and the colourless in tho Talchir 
sandstones while the Karharbaris are charact-
erised by the pink variety. The Talcfiir garnets 
are angular, sharply chipped and show con-
choidal fracture.'^ while the garnets of ihe Kar-
harbari beds show pronounced etching effects. 
j^ircott 
Colourless, greyish green ^nd pink '.•.irv >n» 
are common in all ihv hoi i/.un». The grains 
tliow a great variaiiun in shape and roundness. 
I'IM! zircons in the boulder bed and Talchir 
uuidstonet are clear awd free from inclusions 
while those in the Karharbaris show numerous 
in< lusioits. 
RulUe 
Alihoui?h rutile occurs in «U the h<)rixons, 
i f i f Ironfentrated m<miy in the Talclur and 
Karhaibari st.ii<es. The .li^ rain.o are rKmgate 
or oval in shape and aic iWp yellow to reddish 
brown in colour. 
Tifnttiu 
It occurs essentially in the Talchir Iwulder 
bed and is rare in the upper hori/ons. Th«« 
grains arc pale yellow in colour aud are sub-
*angular to subrounded and 'how a marke^l 
conchoidal fracture. Orains turn bUie as the 
extinction position is reacher' and are biaxial 
positive. 
Menaol* 
This mineral occuii exclusively in the 
boulder bed. 'I'he grains are yellowish in 
colour and exhibit a well roundetl oval form. 
Biaxial p<»itive with a small 2V'. 
Magnelitt & llmtnil* 
The grains are irregularly shaped, shiny 
black in colour and are difficult to recognise 
under transmitted tight. 
Under rellccti>d light magnetite appears 
grey i« colour with a distinct brownish tint 
> while ilmenite is of brownish grey colour. 
DISCUSSION 
The position of the Kar'iarbari stage in the 
classificatioii of the Gondwana sediments of 
India was variously ftxed in the past on palaco-
botanical aiul itratigraphic grounds and no 
•erioiu attention watt paid to the textural and 
compositional chsraciers of the sediments. 
Blanford (1878), taking into consideration Ihe 
close floral affinities between the 'lalchirs and 
Karharbari rocks, for the first lime advocated 
the separation of the Karhatbari beds frt»ft 
ihe Oamuda series and suggested instead iheir 
grouping with the Talchir series. Saise (1894), 
however, found that such a regrouping was not 
supported by ade<|uatc evidence and suggested 
thier placement back to the base of the 
Damuda series below iho Barakar ilage. 
HEAVr MIMRALS OF KAMIAMiARI BEOS LS OAf.t(K\X;Ayy COAIJFIEW ft 
The pmsont study, h.jwevcr, has brought 
out M>mc widoncp which, when viewed from 
the point ol' view of the sedimonlolo>{ica! 
history o f j l i c ,Daltonganj basin, is of impor-
tance and throws some light on the question of 
the stratigraphic position of the Karhatbari 
stage at least in this coalfield. 
The heavy mineral data shown in Table 2, 
clearly indicates that the over-all heavy mineral 
assi mblftgc of the Talr.hir a.id Karharbari 
sediments is the .*ime. Both the groups of 
rocks arc characterised by the predominance 
of garnet and an almost constant pioportion of 
tourmaline, /,ircon» pistucitc, zttisiu", rulite and 
niHgnuiite and ilmenito. However, it is tine 
that Some minerals like a<'lii)f>li(e-lremf>liie, 
titaiiilc and nsonazite are almost exclusively 
present in tin; 1 idr.iiirs and are ran? or absent 
in the Kaiiuubaris. Such diHerences an> not 
very signiiicant bet-au.se all the minerals exciu-
8iv«'ly pie.sc'iit in the Tnlchirs, are unstable and 
show a progresMve dilution even within the 
Takhir straia itself from tlie base upvvart.L<. 
As a matter of fact such minerals are concen-
trated only in the matrix of the bould-r bed. 
Their ab!><?»ice or relative impoverishmeni in 
the higher strata probably reflects the simulta-
neom ch;niges in pliysical and climatical con-
ditions <if deposition. 
Th<' glacial clinuue prevailing at the time 
ol depo>iiion of the boulder bed wa.s probably 
capable of preserving ilie»e unstable heavy 
mineral.s in much tlie same manner as fre.sh 
undecoinpojied felvpar> are proerved in glacial 
sediments due to repaid erosion, j>eculiar mode 
of glaci.ll transport and quick burial uniler 
conditions of inhibited chemical activity. But 
witlj ihe clo»e of the glacial peritid and ihe 
advent of warmer cliniaie, chemical activity 
increased resulting in ihe progre»ive ililutiou 
by inuasiraial soiuiion of the mi»re unstable 
heav^ niiiierul>. The etched garnet, tourma-
line and zircv)n in the Kaiharbarii and actino-
lite ami tn-niulite iu the T.ikiiir sandstones 
pivjbubl) beji icsiituouy to this fact, l i m.iy 
be concluded, therefore, that the overall heavy 
mineral asseinblai?e of the Talchir-Karharbjfi 
sequence is the same and that the al»enc« of a 
fcw,spccics of ih& unstable heavy minerals in 
the Karhixrbaris may be due to intrastratitl 
solution and not due to any shift in the .source 
area. 
On the other hand if the Karharbari 
heavie.H are compared with those of the Bara-
kars in other coalfields ftf the neighlM)urhot>d 
(Roy & .Sharma, 1935. Jacob & others, 1950), 
significant diffctences are (buttd to exist between 
the two issemblages. The data given by the 
above authors makes it abundantly clear that 
the iiea\ / mineral assemblage of the lower 
Barakars is characterised by the absence or 
insignificant presence of garnet, large qtianti-
ties of tourmaline and an increase in the 
amount of rutile and zircon. 
Although no Barakar rwks ar" exposed 
within the limits of this coalfield, the al>ovc 
rA»mparison clearly shows that the Karharbari 
and Barakar r<»cks do posse-ss difterent heavy 
mineral suits and C(»nsequently dilferetu stturce 
areas. It may well be that there exists a 
sigtiilicant sedimentological break fictween tlie 
Karharbaris and Barakars but in absence of 
any fabric and other palaeocurrent data on 
the Barakar rocks, this statement is only 
suggestive. • 
The close similarity between the Tulchir 
and Karharbari seilimeius of this coalfield i$ 
further collal>i>rated by the fabric investiga-
tions made e.irlier by the autfiors (Srivasiava 
& Israili, 1963). The results oljiained indicate 
(hat the overall pattern < f the palaeocurrenti 
aiul consequently the palueoslope during the 
deposition of the Talchir and Karharbari 
sedimeius was the same asid that there appears 
to be no gveai b'eak in the sedimentation 
histDry of tlie ba^in ;.fter the deposition of the 
Talcliir sediments, it is very probable that 
ilie Karharbari sediments are in fact an up-
wajd contitmatioii of the 'I'alchir sedimenta-
tion though under somewhat ditleit nt physical 
25 r. K. s/imisriKi s. //. ishauj 
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e , omff/e r : r . rourM^ift jr, » i/»con • ^ s rtttirt 
* » 0trm»iirt: ft . Mi^fttfiH fMb tmxeofsf't . » ^ inirnt 
and clitnalk'ui condiiions. 
In view of ilic .sirtking fabric and heavy 
mineral siinitarities bcHwou the Talchir aucl 
Karharbiui s«'dimc»>»s coupU'd with eqiudly 
strikinK difiVrences in iho heavy mineral suiis 
of iht! latter group of rocks and the Barakars, 
it may be more appropriate lu place the 
Karharb»ri$ of the Dahunganj coalfield at the 
top of thi' Talchir series rather than in the 
Damuda series at the base of the Barakur stage. 
This conclusion, based purt^ly on sedimentoio-
gical considerations, is in lull agreement with 
thut reached earlier by Blanford (1878) who, 
was greatly impressed by the close afHni(ies 
between the flora of the Farharbaris and that 
of the Talchirs. 
REFERENCES 
BLANroKu, W. 'r. .t)7t), 'Hic Karharliaii >(agr, fk>r«, 
liorizon. /Uc. Utai. Sn/v. JnJ,, \'oI. XI, fi. 145. 
OJrrBB, C. iw P. 1917, A Rrv i»r<l cJas'iificaiioii of the 
Gondwana »y»t«n. H.. at*I.Sur,. M.. Vol. XiA'ill, 
Pt. I. p. 23. 
F.VAW, P.. R. J. Havmaw, & M, A. Ma j«U , I933..nie 
graptiical rcprMcnUtkm of h<>a> y iiimrrat .tnalyiw*. 
Pnc. WefU ffIt»t. C^ng., Ix>ml..i., pp. 251 ZW. 
Kewtmantk., O. 1883, Palaeontoloijica' note* from the 
Daltoflganj and Hutar coallirtcl* in Chuia NaKpuf. 
Ktt. Gnl. Suti. /W.. Vol. XVI, Pt. 4, p. 175. 
Fo*, C. S. I«>34, Ihc I.ower (H»iduaita ruaOirldi of 
India. M< . Crtt .Smv. Vol. MX. p. 13. 
ri m rnMMtre . m • turtrtrt 
GEr., E. R. IM2, The f;<K)K>gy ofcoal u wwcr t of Oif 
Ramganiroalficld. Gtoi.Swvs M . , Vol. LXI, 
• P.21. , 
Huohm. •»'. W. H. 1870. Hjc IJaltongani c»>alfi«ld. iWm. 
Gfl. Surf, tnd.. Vol. V n i , P«. 2, pp. 325-34ti. 
HuTtOK, C. O. I!l5<), .S«udi« of hravy drtrital minrraU, 
IMt. (StoL Sot. Amir., Vol. 61, pp. C:J5-716. 
JACOH, K.. S. K. RAMASWAMV, S. R. A. Ri»vi, & A. 
K.Kiwr(AMUHTiiv .Srdimcntological xiidim in . 
p a r b o f j h a r i a and Eate Bokaru coaifirUi*./V«r. JViit, 
lasl. Sci. lad.. Vol. 24, A, No. 6. 
KKWINAN, M. S. ' l<)60, G*tl0g/ o/ htHa aitj Birm. 
Third Edition, Madrat. 
KnuMBem W. C. & F. .1. PeTTijoiiN 1938, Mamui «/ 
Stdimenlary Pttrogrophj. Appl«-ton-Ontury-Cro<t», 
Inc., New Yolk. 
LAIIOUCHK, T.O.J . , . 1891, Boring exploration in the 
Uallonganj civKield, Palamow. /he. G—l. Surv. M., 
Vol. XXIV, Pt. 3. pp. 141-153. 
OLoaAM,R. U. I8!>3, A MmMl »/th* GtoJ»gjr «/ tmtm,-
Calcutta. 
PASOOK, E. H. 1959, A Mtnutl of Ou Gioltgy rf 7iuik, > 
Vol. II Diird Edition. Cikutta . pj-. !Mt!;047. 
Ho»', S. K. & N. L. SliAKMA 1936, A dncription of 
heavy niineiali of the Jtiaria coal-iiieasurc*. Qfiml. 
Joiv. Otot. Mil. Mit. Soc. M., Vol. Vni, No. 2. 
.SAI»«, W. 1894, The Giri'dih coalfield. lUt. Cut. Sm». 
M . , Vol. 27. pp. fl<J-IOO, 
SiMrtoN, R. R. & V. BAI.I 1922, The coalfiekU of india. 
Mm. Cut. Vwc. M., Vol. XII. Pt. I., p. 3. 
SITIVAITAVA, V. K. & S. H. IMAIU 1963, A note on ihe 
diniemional fabric of <>ondwana ledimetili in the 
Oallofigaitj (loMlfirlcl, Bihar, & CM. Vol, 39 
WADIA, I). N 1935, »f tnJi*, l»od<wi. 
GEOLOGISTS IN RESOURCE AND 
ENVIRONMENTAL MANAGEMENT 
by 
S. H. Israili 
Department of Geology 
Aligarh Muslim University, Aligarh-202001 
The interaction of man and earth requires a proper selection of basic 
geologic skills, approaches, technology in order to solve the specific environ-
mental problems. Mapping of surface and subsurface structures, integration 
of complex natural systems and interpretation of ecological, physical and 
chemical processes, in order to prepare a four dimensional picture might 
reflect the good tool in the interpretations of environmental conditions of 
that region. Environmental evaluation maps so prepared taking into account 
the biologic, lithologic and topographic units may also serve as a basis of 
integration with other disciplines. The role of geology in resource and 
environmental management may be summarised as follows:-
Geology in Land Resources Inventory Systems 
Growing population requires excessive use of land and other natural 
resources inflict twofold responsibilities on the geologists. Firstly tp evolve 
preventive measure for environmental protection and secondly to protect and 
preserve the natural resources for the future. 
The solution of the first problem requires an integrated approach 
using the best geology, biology, chemistry and engineering besides some 
legislative measures to contain an environmental and ecological balance. 
Such an integrated approach might solve the current land-water-use 
problems. Site and area specific studies also play an important role in 
prevention of future problems and geologic expertise is essential in land use 
planning. 
It is observed that in many cases the planners, scientists or nonscien-
tists sometimes fail to give due recognition to the variability of the natural 
system. The geologists on the other hand have a three dimensional perspec-
tive of rocks and natural systems. Requirement for proper land use can be 
adapted to the capability or capacity of each geologic environment or 
substrata and the role of traditional geologic data in developing land resources 
inventory system could be understood. 
Natural Resources 
With rapid growth in population, industries and hence more water, 
land and associated problems, our country has to think for land and water 
use legislation. Indiscriminate use of land, water and other natural resources 
has posed many problems and restrains on our economy besides deteriorating 
the environment. Geology can help in maintaining a balance in the eco-
system together with the optimum use of land, water and other natural 
resources. Geologists can help in the following ways: 
(i) In establishing multiple land use (Extractions of valuable minerals, 
reclaimation of mine land and afforestation etc ) 
(ii) Development of corridors. 
(iii) Preservation area as rockeries, fossil parks, suggesting measures 
for checking erosion, subsidence and sedimentation which might 
reduce the water levels in fishing ponds, streams, lakes etc. 
(iv) Economic trade off 
(v) Management of renewable resources and their protection from 
pollution hazards. 
(vi) Proper conservation of non-renewable resources. 
In other words, geologists are just as qualified as any other profession, 
if not more to assume roles of leadership in environmental and resource 
management. Geologists are the need of the hour to ensure effective manage-
ment of natural environments, processes and resources because with this 
accelerated rate of consumption of natural resouices due to rapid industria-
lization and growth in population may impact problems under limited 
environmental framework could be minimized. It is therefore essential to 
have an inventory, description and delineation of various natural units and 
their capability for various uses called '-Natural resource capability (Brown 
ei.al, 1971). Whereas Turner and Coffiman (1973) used synonymous terms 
like "Performance standard" and "Environmental resource units" for prime 
importance. A resource capability unit is an environmental entity involving 
land, water, area of active processes or biotic assemblage. Brown Jr (1974) 
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defined it in terms of nature, degree of activity or use it can sustain without 
losing an acceptable level of environmental, quality.^ He-devised' various 
units^by recognizing-first order environmental significance whether they may. 
be physical, biologic or chemical. These land and water elements may 
include among many Physical units. Geofogical substrate & soil units where 
physical properties and substrate composition are of prime importance. 
Process units where physical processes like flooding, sheetwash, dune migra-
tion land sliding or faulting are the dominant factors. 
Biologic units 
Where biologic activities and habitation assume first order significance 
like reefs, marshes, swamps and forest areas. 
Geomorphic or Strnctaral units 
Where unique land forms or active structural activity such as faulting 
or subsidence are critical. 
Geohydrologic units 
Where aquifer rechange or discharge is a prominent factor. 
Man-Made units 
Where man made activity has resulted in important environmental 
modifications such as dredged channels, filled land and urbanised areas. The 
resource capability maps so prepared may be helpful in proper planning the 
maximum use with minimum environmental degradation within the frame-
work of politics, economic and social requirements, and may serve as equitable 
basis for engineering and economic trade offs long before use becomes a 
reality. 
Water quality 
Water intended for human consumption must be free from concentra-
tions of chemical substance that may be a hazard to health. The situation, 
construction, operation and its distribution system must be such as to exclude 
any possible pollution of the water. 
It is another field where practically all sciences including medicine 
could contribute in solving the problems of water pollution and their notable 
ill effects. The maps of the area showing the concentration of various 
elements in rain, surface and underground water could be prepared which 
might reveal their annual concentration or deplition and their biologic effects 
so that corrective measures could be planned for the future. 
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Gronnd water balance 
Water bearing formations of the earth's crust act as condiuts for 
transmission and as reservoirs for the storage water. It enters these forma-
tions from the ground surface or from bodies of surface water and again 
returns to the surface by the action of natural flow, plants or man. 
The quality of ground water is limited and to provide maximum 
development of ground water resources for agricultural, human and indus-
trial purposes, correct estimation of "Safe yield" is essential. It is the 
amount of water which can be withdrawn without producing undesirable 
results. Thus for correct appraisal of the socio-economic conditions and a 
balanced industrial, agricultural or ecological balance, Geological or geo-
hydrologicai expertise is essentia/. A comprehensive model envolving the 
various parameters like surface run oif, loss of soil moisture, meteorological 
data like precipitation, temperature, various sources of recharge and dis-
charge, rate of infiltration of various elements etc. will help in proper 
planning and distribution of water for its various uses. 
Material model-systems which retain many of the important charac-
teristics of real water sheds may help in understanding the significance of 
various parameters. These models which will be less than acre in size but 
much larger and more complex than a soilcolumn or a lysimeter would allow 
deliberate departure from homogeniety. Thus for a detailed integrated 
study of any region we need a set of models involving increasing abstraction 
and an objective procedure for selecting the appropriate one for the job in 
hand because no single model will meet all the needs. 
Municipal waste disposal 
One of the goals of science of ecology is to maintain a balance 
as much as possible in the whole life support system of the earth. Treating 
the waste products for improvement and then discharging into water ways 
does not solve the problem and the dangerous pollutants like viruses still 
presist while conventional secondary treatment does little to remove 
viruses and chlorination. It is observed that using the earth as a "living 
filter" may provide 100 percent removal of viruses. 
In many developed countries guideline manuals have been prepared 
in consultation with engineers, geologists and soil scientists in locating and 
evaluating the area needed for spray irrigation and in designing the system 
for distribution of the waste water to the land surface because soils act as 
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physical, chemical and biological filters. In India very little or no work has 
SeHHohe in this direction. 
Abatement of Mine drainage pollution and Mine subsidence control 
The prevention and limitations of subsidence caused by underground 
mining is an art which is rapidly becoming an exact science. To satisfy the 
ever increasing demand for energy, more and more land is being undermined 
to obtain coal, a prime energy source and other metals and njn metals As 
the areal extent of undermined land increases along with a growing popula-
tion which is expanding into areas that were formerly mined or now being 
mined, the necessity for effective control of mine subsidence bccomes a 
pressing need. Several methods of subsidence like Hydraulic injection of fly 
ash and prepared coal mine refuse into mine voids for ground stablization 
have been used in many developed countries. Similarly drilled caissons and 
grouted aggregate piers have been used in areas where heavy or valuable 
structures are constructed on undermined land. In a country like India 
where population is increasing at an alarming rate reclaimation of mine and 
other waste land has become a bare necessity. Our planners, politicians, 
geologists, mining engineers etc. must chalk out plans for future development 
of such land, not only for rehabilitation or agricultural uses but such mined 
underground structures could also be used as storage for solid industrial 
and other municipal wastes also. 
Mine Drainage 
It is also one of the significant environmental hazards chiefly in the 
mine areas. The drainage produced by a particular mine is dependant upon 
the product mined and the nature of the surrounding geologic formation. 
For example in a coal mine, the drainage produced depends upon the 
amount of sulphides present, their spatial distribution, crystallinity of 
pyrite size of individual sulphide particles, presence of bacteria associated 
with acid mine drainage, magnitude of the fluctuations of water level within 
the mine, if workings are below drainage. Besides, the presence or absence 
of calcium in the sulphide aggregates seems to have some effect upon the 
rate of sulphide oxidation and decomposition. Corbett and Growitz (1967) 
and Hanson (1972) have also reported Zn, Cd, Be, Cu, Ag, Ni, Co, Pb. 
Cr, Vd, Ba and Sr concentrations in coal mine drainage. 
Frank (1974) classified the mine drainage into four groups depending 
on pH, concentration of total iron aluminium sulphates and carbonates as 
follows.-
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Group 1-Acid Discharge 
pH low (2-4-5), high iron (500-10,000 mg/1), high sulphates 
(1000-20,000 mg/1) and significant amount of aluminium (0-2000), manga-
nese (0-500 mg/1) and calcium-magnesium (1000-15,000 mg/1). 
Group Il-Partially oxidised and/or Neutralized 
( T T ^ Y ) , toiaTiFSK (O-WO'mg/l), aluminium (0=20ffig/l) manga--
nese (0-10 mg/I), calcium-magnesium (0-1000 mg/1) and sulphates 
(500-10.000 mg/1). 
Group III-Alkaline discharge 
pH near or greater than neutrality (6-5-10'5), net alkalinity, high 
sulphate (500-10,000 mg/1), significant calcium-magnesium and low 
aluminium. 
Group IV-Neutralized 
pH (6-5-8-5), high sulphates (500-10,000 mg/1), poor in calcium-mag-
nesium and aluminium significant, total iron (50-1000 mg/1). 
This is another fiield of integrated research where geological expertise 
could be shared with engineers and scientists of various disciplines including 
medicine in order to control the ill effects of drainage utility if any, and 
its proper management. 
ABATEMENT OF POLLUTION FROM OTHER SOURCES 
Air Pollution 
Open quarries, construction of roads and various industries and 
processes are some of the chief sources of air pollution. The nature and 
composition of the pollutants in air is chiefly controlled by the man made 
activities in that region, and the raw materials used in the processing 
industries. Various devices have been used to control air pollution in many 
of western countries by using Mechanical collectors, Wet scrubbers, Electro-
static precipitators, filters etc. 
In our country where industrial growth and man made activities are at 
their peak, little attention have been paid to check air pollution. It is high 
time for the environmental scientists to evolve ways and means to control 
air pollution and if,possible to suggest alternative technology as regard to 
various processing industries in order to minimize the ejection of dust, 
fumes, smokes, metal fumes etc. 
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Erosion and sedimentation 
Sediment is the greatest single pollutant of streams, lakes, ponds and 
reservoirs. Sediment lowers ttie quaJity of water for Municipal and Industrial 
uses add for boating, fishing, swimming and other water based recreation. 
It increases the wear on equipments sucTi as turbmes, pumps and sprinkle 
irrigation systems. Sediment carries with it pesticides, phosphates and other 
chemical pollutants. Urbanisation of agricultural lands for high ways, hous-
ing and industrial complexes has also increased erosion on land Studies by 
Frank (1974) have shown that erosion due to building activities is 10 times 
greater than land in cultivated areas, 200 times greater ihdn on land in 
pasture and 2000 times greater than on land in forested areas. In U. S. 
alone the damage caused by sediments has been estimated at more than 500 
million. Severe sediment problems occur due to removal of covering vegeta-
tion for construction purposes. Flow regime in channels is altered by realign-
ment or by increased or decreased flow or when fill, buildings or bridges 
obstruct the natural floway (Herold, 1970). 
Sediment movement and desposition are part of natural environment 
but the average sediment yield from the landscape and condition of stream 
channels tend to change with the advancing forms of man's land use acti-
vity. A major problem is that the scientist or engineer because of his re-
latively narrow field of investigation can not always completely envision the 
less desirable effect of his work and communicate alternative solutions to 
the public. 
Urbanisation tend to increase the flood volume and flood peak. 
Leopold (1968) has shown the effects of urbanisation on hydrologic factors. 
It is observed that much of the erosion occurs during the construction 
period because of rapid run off from impervious pavements, parking lots 
or compacted soils after the construction period in areas below a construc-
tion site. Increased run off erodes stream banks and channels and causes 
flooding below the construction site. 
Surface mining activities are also responsible for serious erosion 
and sedimentation problems due to highly erodable nature of spoil banks 
(Adams, et. al., 1971) and sparseness of vegetation as compared to undistur-
bed areas. Due to timbering operations in forested areas, the removal of 
forest canopy and haul roads also causes increased run off, which could be 
one of the most damaging environmental problems particularly in the down-
stream of operations. The major source of sedimentation pollution in some 
areas is the "right of way" for powerline, pipeline, sewage or other utility. 
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Now the time has come where the departments of Natural Resources, 
Environmental Resources, Soil Conservation Service and Engineers should 
take up specific scale (one such area may be NOIDA, near Delhi) ia^order 
to evolve a basis to check the damages caused to the environment by erosion 
and sedimentation due to construction and urbanization and suggest measu-
res for their prevention and control. 
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AT ATTEMPT ON THE CLASSIFICATION, 
NOMENCLATURE AND GENESIS OF 
INDIAN BAUXITE/LATERITES 
S. H . I S R A I L I 
Abstract 
Laterite and bauxite have been formed from a number of provenances, majority of 
them are siliceous in nature. Climate, topography, drainage conditions, dominance of 
chemical over mechanical weathering are the important factors than vegetation and bed 
rock characteristic, in the laterite and bauxite formation. 
Nature of groundwater, particularly with respect of Eh, pH and organic solutes 
is most important. It is observed that lateritization occurs under the medium to high 
ptl and low Eh and bauxitization takes placce at intermediate Eh and pH. Mn, Co, Ni 
and Ti behave in the same manner as Fe. 
On the basis of present study the complete bauxitic/lateritic activity is grouped 
into zones :— 
(a) Primary Zone :— 
Unweathered or slightly disintegrated host rock, rich in silica and prone to 
chemical and mechanical activity. 
(b) Hydration Zone :— 
Active zone of weathering, solution action and alteration with slight increase in pH, 
resulting in selective dissolution of sillica. 
(c) Mobile Zone :— 
All the major components like iron, silica, and alumina in the mobile state and 
removal from the solution of one at the expense of other depending on Eh/pH ratio, 
drainage pattern and fluctuation of water level e.g. (i) water logged conditions produce 
montmorillonite and boehmite, (ii) Kaolinite with little gypsite, formed at slightly higer 
pH value, (iii) formation of bauxite at normal Eh/pH, (iv) laterite slightly at increased 
ratio of pH/Eh. 
On the basis of this study a classification is also proposed for the bauxite/laterite 
profile, from parent rock to the top of tl^ e profile—silicanite, alumino-silicanite/ferro-
siiicanite, sub-bauxite/sub-laterite, bauxite/laterite, and gossan or soil cover. 
Introduction 
Buchanan ( 1 8 0 7 ) described laterite as the end and combined sihca, with and without non-diagnostic 
product of weathering. Sivarajasingham et al ( 1 9 6 2 ) substances such as quartz and limited amounts of 
described it as higly weathered material, rich in iron, weatherable primary minerals, or silicate and clays 
aluminium or both, poor in humus, depleted of bases that are hard or harden upon exposure, 
Aligarh Muslim University, Aligarh. 
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From the review of the literature available on 
bauxite and weathering studies there is a divergence 
of opinion as regards to the alteration of felspar to 
gibbsite or kaolinite. Based on Arkansas bauxites, 
Mead (1915) considers kaolinite as an intermediate 
stage in the process of lateritization/bauxitization; 
Goldman (1955) did not consider kaolinite as an in-
.termediate«state_but^ a„later ^phase__of_resilication. of 
bauxite of the outer layers. Allen (1948) reported 
kaolinite or haUoysite of the lower levels in the 
Oregon bauxitic profile followed by gibbsite. Wolf-
enden noticed micro-crystaUine gibbsite forming 
pseudomorphs after plagioclase. 
The formation of soils rich in aluminium and iron 
(termed Bauxite and Laterite) has been the subject 
of controversy. The problem has been attacked 
primarily from climatic consideration, topography, 
groundwater movement, particularly net downward 
drainage and ground-water fluctuations, dominance 
of chemical over mechanical erosion and to a lesser 
extent the type of vegetation and nature of bed rock 
(Eyles, 1952 ; Wolfenden, 1961 ; Harden and Bate-
son, 1963 ; Husan, 1966 ; Grubb, 1970 ; Mc Farlane, 
1971 ; Patterson, 1971 ; Norton, 1973 and Taylor 
and Hughes, 1975). To simulate natural chemical 
weathering processes in the laboratory, experiments 
have been carried out by Krauskopf, 1957 ; Wallast, 
1963, 1967 ; Reesman and Keller, 1968 and Huang 
and Keller, 1970 and Yakhnin, 1975. 
DECOMPOSITION OF PROTORE 
The problem of lateritization of bauxitization, 
basically depends on conditions that brought about 
a cliemical separation of iron (Fe) , aluminium (Al) 
and silicon (Si) . Explanations for the selective remo-
val of Fe, Al, Si or any of the other insoluble metals 
include considerations of the rate of reactions 
(Wollast, 1967) , preferential solubility of one element 
over a given pH range (Barge, 1971) , preferential 
solubility of one element due to organic complexing 
(Huang and Keller, 1970 and Taylor and Hughes, 
1975) and change in relative solubilities of Al and 
Fe due to changes in Eh and pH values (Sherman, 
1952, Lepp and Goldich, 1964, Park and MacDiar-
mid, 1970, Norton, 1973 and Patterson, 1974, 
Taylor and Hughes, 1975) , 
Kaolinite has also beerf referred by many earlier 
workers as an indication of acidic environment during 
the synthesis of bauxite (Ross, 1943 ; Reich, 1950 ; 
Bates, 1952 ; Frederickson, 1952 ; Sherjnan and 
Uehara, 1 9 5 6 ; Keller, 1 9 5 8 ; Grubb, 1969) . Its 
absence has been treated as of an Alkaline environ-
ment (Rao and Rao, 1976) . 
In recent years much significance has been given 
to .the--^role-of= Eh and pH-4n. the relative- solubilities-
of Al, Fe, Mn, Co and Ni. Norton (1973) using 
the techniques of Garrel and Christ (1965) cons-
tructed Eh-pH diagrams and concluded that under a 
wide range of Eh and pH conditions both Al and Fe 
have very'low mobilities. Lateritization wiU occur 
under low pH and high Eh, if Fe is available in pro-
tore, under conditions of low to intermediate pH and 
low Eh, bauxitization will occur, if Al is available in 
the protore. Subsequent changes in Eh and particu-
larly increase in pH result in precipitation of Fe or 
Al or both, the amounts depending upon the initial 
groundwater quality. Mn, Co, and Ni behave in a 
manner similar to Fe but are more mobile than Fe 
and Al for any given Eh and pH. 
SYNTHESIS OF LATERITE/BAUXITE 
The author after studying the geochemical beha-
viour of a number of laterite/bauxite deposits of 
India, assuming both pH and Eh are rising constantly 
and uniformly (Fig. 1) , reached to the conclusion 
that Fe ^ O3 rises in respect to Al ^ O3 and falls below 
the E h / p H curve. It reveals that enrichment of 
Fea O3 takes place with the rise of place with the 
rise of pH and low to medium Eh and Al ^ O3 only 
where Eh is slightly more than pH. Cr, Ni and Mn 
also follow Fe as regards their mobility is concerned. 
These are poor in most of the bauxites (Hose, 1963, 
Hotz, 1964, Norton, 1973) but are frequent in later-
ites and may serve as dividing line between Alumina 
rich laterites and bauxites. 
The mineral assemblage as revealed by differential 
thermal analysis, ore microscopic studies, textural 
features of some of the major lateritic bauxitic 
profiles and the presence of resistant heavy minerals 
like zircon, rutile and abundance of opaques indicate 
that the process of lateritization/bauxitization involves 
a number of events starting from the transformation 
of individual primary minerals to its end product. 
These events are grouped into five zones. 
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Primary Zone 
This is the first stage of deformation where both 
primary or unaltered and weathered portion of the 
same exists together. With progressive weathering 
the material gets loose and the unstable constituents 
weather down giving rise kaolinite, montmorillonite 
and the remnant quartz. Rainwater is the most 
-effective agent of weathering having pH between 5.5 
to 6.5. The CO g and other organic content in the 
soil further reduces the pH to 3.5. It is this zone 
where the weathering of alumino-silicites (KAISigOs) 
brings about the release of cations (K ) and for-
mation of silicic acid (HiSiO^ ) . Utilization of 11 + 
Hydration Zone 
A zone of pronounced weathering and concentra-
tion of various elements thereby producing lenses of 
dark coloured material in the weathered portion. 
Concentration of heavy material from the weathered 
portion is indicated by the abundance of zircon and 
kaolinite predominates. At low Eh and slightly 
higher pH, these alumino-slicate and ferromagnesium 
minerals are broken down rapidly into soluble species 
of their elemental constituents (Norton, 1973). In 
this zone H + ions are released causing a lowering in 
pH. Fine fractions are increased in this zone, giving 
rise to modal class between 1 / 4 — 1 / 8 mm grade. 
Mobile Zone 
Marked by reddish white 20'-30' wide zone of soft 
friable host rock having bands of enriched material 
(Fe or A1 as the case may be) and loose friable, 
white to turbid white leached material. Almost aU 
the constituents are in the mobile stage. Release of 
non charged aqueous species, the silicic acid 
(H^SiO 4 aq.) takes place, and it is important for 
the complete desilicification of quartz bearing rocks. 
The solubility of some minerals is a function of pH 
or Eh which is in constant state of change in this zone. 
It is this zone from where lateritization or bauxitiza-
tion takes their course depending upon Eh/pH, 
ratio and to some extent the concentration of 
Fe or A1 in protore. Fig. 2 gives a clear 
picture, where both A1 and Fe takes their own 
course after certain lapse of time as is revealed by 
SiOs -Fe2 Os and SiOj AI2 O3 curves. 
The author after studying the geochemistry of 
some of the important laterite and bauxite deposits 
of India reached to the conclusion that the increase 
of pH above 5.5 and constant Eh about 0.2 volts, 
enrichment of Fe starts in most of these deposits, 
unlike that of Grubb (1970) and Norton (1973) 
whereas concentration of A1 takes place at mode-
rate Eh and pH (Eh 0.4 volts and 5.5 to 6.0 pH) . 
Harden and Bates (1963) and Hasan (1966) 
models also support the author's views. 
Snb-laterites/Sub-bauxitic Zone 
It is often marked fine clayey ferruginous aluminous 
soil, sometimes with a high concentration of Fe or 
A1 over other constituents as the case may be. It is 
followed by spongy laterite with occassional pisolitic 
fragements showing one or two colloform bands in 
each pisolite. Prominent minerals noticed in D.T.A. 
and under ore microscopic studies indicate goethite, 
gibbsite, kaolinite and montmorillonite etc. Goethite 
exceeds gibbsite in laterites, whereas in bauxites the 
latter exceeds the former. 
Lateritic/Bauxitic Zone 
Mainly composed of pisolitic structure. Some of 
the pisolites attain a size upto 30 mm and show 
colloform rings. The modal class lies between 16.8 
mm size grade. The predominent minerals are go-
ethite, hematite and lepidocrocite in the laterite and 
bauxite and gibbsite in the bauxitic profile. Amongst 
the other clay minerals may be kaolinite or montmor-
illonite. 
Gossan or Soil Cover 
Earthy compact and generally high coated with 
limonitic cover. 
Classification of Lateritic/Bauxitic Profile 
From the above observations it is inferred that 
the sequence of laterite/bauxite formation involves 
weathering of the parent rock in the initial stage. 
The parent rock undergoes transformation by way of 
decomposition in its mineral constituents. Hydration 
and oxidation involve mobility of the various elements 
present in the protore. The resultant products of this 
chemical weathering may be either the hydroxides of 
aluminium and iron or clay minerals, depending on 
the pH and Eh of the environment and drainage 
conditions. 
The percentage of the major component of lateritic 
bauxitic profile, namely A1 jOj , Fc j O3 and SiOg 
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have been plotted on a triangular coordinate paper and 
an attempt has been made to classify the various 
rock units formed under different zones of the profile 
(Fig. 3 . ) . 
1. Silicanite or Protore 
Prima^ parent rock body that undergoes chemical 
and mechanical weathering is the ultimate source of 
lateritization/bauxitization. In India in majority of 
cases such rock types were formed to contain more 
than f SiO 2, hence the name silicanite is proposed. 
Alg O3 and Fe^Os, together forms less than i 
and even less in some cases. Other non-silicious 
rock types such as hmestones have also contributed 
in the formation of bauxites that are limited to one 
or two locaht'ies. 
2. Ferro/ Alumino-silicanite 
Pronounced weathering brings about greater 
mobilization of alumino-silicates and ferromagnesium 
minerals. Low Eh and pH also helps in the mobility 
of these and allied elements. If Eh remains avarage 
(0.2 vohs) and pH rises above 5.5, enrichment of 
Pe takes place. Such ferruginous siliceous rocks 
mostly clay are frequently met in the lateritic profile, 
immediately succeeding the protore. If pH and Eh 
remains average or medium (Eh about 0.4 volts and 
pH nearly 5.5) concentration of alumina takes place. 
Such siliceous alumina rich rocks are generally met 
in the bauxite profile and have been named as alumi-
no-sihcanite. In these rocks silica percentage almost 
equals to A1 ^ O3 and Fe ^ O3 percentages together. 
3. Sub-laterite/Sub-bauxite 
With further enrichment of either Fe or A1 over 
SiO, which is gradually washed, the next succeeding 
horizon is termed as sub-laterite or sub-bauxite, depen-
ding upon the concentration of Fe or Al. Fe and Al 
together make up the 2 / 3 of the bulk composition of 
these rocks which are mostly massive or spongy in 
nature. 
4. Laterite or Bauxite 
Characterised by the predominent pisolitic struc-
ture. Some of the pisolites range in diameter from 
20-30 )mm with alternate concentric rims. Iron or 
alumina alone make up more than 50 percent of the 
bulk composition. 
CONCLUSION 
Laterite/bauxite have been reported to be formed 
from all types of rocks namely mafic, mafelsic and 
felsic clastic and arenaceous sediments and even meta-
morphic rocks. Certain variables do control the 
quality of the residual soils. These may be climate, 
groundwater movement, ddminance of chemical over 
mechanical weathering, vegetation and bed rock 
characteristics and their types. Groundwa'ter quality 
is most important amongst all these factors, parti-
cularly, with respect to pH, Eh and organic solutes. 
The sequence of lateritization and bauxitization has 
been grouped into five zones and an attempt has been 
made to classify the rock types associated with these 
events (Fig. 4 ) . 
(1) Primary Zone 
First stage of deformation, where the material gets 
loosen with progressive weathering, some clay mine-
rals such as kaolinite and montmorillonite are also 
formed. Weathering of alumino-sihcates brings about 
the release of cations (K ) , formation of silicic acid 
(H2 Si04) and utilization of H + ions also - takes 
place, thus increasing the pH of the medium. 
(2) Hydration Zone 
Weathering is pronounced in this zone resulting 
in lower Eh and pH and breaking up of alumino-
silicate the ferromagnesian minerals into soluble 
species of their elemental constituents. 
(3) Mobile Zone 
Almost all the major constituents are in a mobile 
stage. The solubility of different minerals depends 
upon pH or Eh of the medium which is in a con-
stant state of change. Lateritization and bauxitization 
takes their course from this zone. Alumina is con-
centrated when Eh and pH are on the average (i.e. 
pH 5.5 and Eh 0.4 volts) and iron if Eh remain^ 
constant (0.2 volts) and pH increases (75 .5) . 
(4) Sub-laterite/Sub-bauxite 
High concentration of Fe or Al due to drainage, 
groundwater fluctuations and Eh /pH as the case may 
be, give rise to this zone. 
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(5) Laterite/Bauxite Zone 
Thickening and more concentration of Fe or A1 
gives rise to pisolitic, colloform goethite, hematite and 
lapidocrocite in the laterites and bauxite and gibbsite 
^in the bauxites. 
(6) Gossan or Soil Cover 
The topmost limonitic soil. 
An attempt has also been made to classify the rock 
types associated with these events such (a) silicanite 
or the protore, because with a few exceptions majority 
of the rocks that ultimately make up the bauxites are 
silica rich rocks, (b) Ferro/Alumino-silicanite—• 
Pro-subsequent enrichment of F e / A l gives to spongy 
horizon in which Fe, A1 and other similar elements 
make upto 2 / 3 of the bulk composition of these rocks 
and (d) Laterite/bauxite—where Fe or A1 alone 
make up more than 50 percent of the bulk compo-
sition. 
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3hd.A««>c. Xnvlron , , 1977. 
iiTUDlSii ON mater lOLLUTlON IN 
OF ALIOARH 
by 
OF GBOLOGY 
M>IOAPH MUSLIM liNiyBB6lTy,JUL.IGABH 
J l k g S T R A C T 
The Ganga rivprbasln la one of the blg^i^st irewrvolrB 
of freah water, through which enormous asriount of water l e taken out 
both for human and agricul tural consumptlone. 
The present study dea l s with the chemical natur»> and 
extent of pol lut ion due t o rapid industr ia l i za t ion of a small north* 
west portion of t h i s l^aaln , 
The chemical analysis of some randomly c o l l e c t e d water 
samples of t h i s rej ion ind icates , no posaiblo pol lut ion due t o f e , 
eu,Hi,aad tkiihoMevor Ni and Cr are pr#s«=nt In soma pockets in a 
hlQhfr concentration which i s more tha6 the t o x i c l i m i t s , ''t i s 
therefore suggested that the water of such pockets should be avoided 
for human consumption. The alnormally high Ca and concentration I 
in these waters r e f l e c t s a high degree of hardness in the wat^r of 
t h i s re i ion . 
m t h rapid indus tr ia l i za t ion and he«vy doses of f e r t i l i a p r * 
and other p e s t i c i d e s , i t des irable to hasre a periodic stu^y of t h i s i 
and other Industrial b e l t s of the <3anga r iver basin, otherwise J 
po l lut ion problemt., j ispecial ly due t o trace elements may create ser^Lous 
problem in forseable future . 
introduction I I 
Allgarh ( F l g - I > i s s i tuated in the upper gangatic 
plain and in consaqmeuce the aubsoll water in t h i s re^icm could tie 
obtained within l o - l S f t . defith. 
thm «v«i l«bi l l l :y of water « t mich • d i ^ t h h i ^ h l f 
b t n e f i c i a l • • fair • • of watMr ttir«y«|i 
•nd h«nd-i>un^ i s conc«m«d» • • r i o u s p o l l u t i o n 
p«obl«n« imy «r l«« <lu« t o r««dl ly SMpa^a of poiiuont® 
i n t o •ubsoiX mtmt^ During vh« l a s t on* dacaaa r ap id 
industrilSiBation in Aligair)! c i t y and i t s ou t ' - ck i r t s 
May e r m t a d aona po l lu t e cm prc^lania and no 
aya tana t l e atud^ has y«t baen o a r r i a d out t o d«ter:iiin« 
th« nagnltuda of t h i s problam. 
In tha pras«nt CGnia\micatioB« r a a u l t s of a 
^Nitailad and ayatematie atud^ of t h e Chamieai na tus9 
of tha tmdaxwgcound watar of Aligaxh i n d u s t r i a l a r e s 
liAS hmm presented* The m t m t t of p o l l u t i o n and i t s 
piMiaible rspeseussiona hnve been diecussedo 
gXPgHIMSHrAlf 
i ) COhLKCSXOn OF WATER SAMPUBSt 
Muter c o l l e c t i o n waa e a r r i a d out a t randon 
s i t e s , f r o m the i n d u s t r i a l eaR«ilaotee ( i f i t h in a xadius 
of h ki lometer)* The water wa« c o l l e c t a d from open 
«al la« tube«i#alls« hand-punpa and open dra ins* 
l aea iv ing t h e e f f l u a n t a from t h e i n d u s t r i a l p lant** 
Wtom each a i t e about a l i t r e of water wae s t o r e d 
i n a i r t i g h t b o t t l e s * t h e sas«»ling %fas e a r r i a d 
cmtt i n hunanly poaa ib la i d e n t i c a l cond i t ions i*** ' 
t sk ing i n t o account t he tsiiperatuii^« season* seu ice 
and tlM« of co l lec t ion* 
i l l JtfiM.Y8BS^0r-THE ^gMKlffSt 
!ni« q[U«litativ« and <iia«ntit«tivtt analysM 
of th« water mampi%» w«r« ca r r i ad out by using a 
wida irariaty of chemlvjal end op t i ca l mathoda* Tha 
aaalyaaa conaiata of d« t a c t Ion and d e t e m i n a t i o n 
of iona invar iably found in na tura l water v i a ; Ma* 
HCOj** and tha t r a c a 
mlimmata s Oa, Vm, Nn» la« K l , C r , atc« 
Wathoda f o r tha da tec t ion and datajcmination of alawant^ 
A* Patarmination of Coromon alamantai 
a) yolumctric methods e 
HOOj* 9 fiCX),'* waa aatimatad 
volumetr ica l ly toy t i t r a t i n g aga ins t s tandard 
nc l so lu t ion using raathyl oranga as an indicator* 
* datazminad volumatricalXy by 
t i t r a t i n g againat a s tandard AgNO^  ao lu t ion 
using K^Cr^ O^ as an i n d i c a t o r . 
i i i ) C^"^ i Ga'^ waa aatiniatad v o l u m a t r i ^ l y W 
caqplascoRiatic t i t r a t i o n using tcuraoacida as 
an indicator* 
Hardness t Total hardnass wa« datexninad 
by conplaxomatric t i t r a t i o n using WXK a« 
o t i t r a n t and X^rioehrooMi block V aa an 
indica tor* 
y ^ mMtamtxvi 
m^ mod K* datominttd 
^r tlmm siliot«M6txy« 
pakmstioa mnH mtrnmln&tloa of ^tt^em alawntQc 
fie Qg qgemagita lay gstporfe ^ a t 
0 Qi %Mia a®t®et@d Is^ us ing b«issoira 
C i t i n « a s ® s p o t t e s t i D t t ^ e n t ^ i n d l c ^ a t i o c i o f 
^pfMtti eo&cMEBtion a h o ^ s th« o f c o p p o r e 
i i ) ££ ^ us ing gmwrnm a^i 
Q ff«Bg«i(it* ^ gmmci eolmir 
o f i o n « 
addi t ion of beneiain® isi m^Milim 
£bdleat9» th« pzm®nsi9 of 
6m) 9 f o s m t i o n o f a p r a c i p i t a t ® 
Oft a d d i t i o n o £ ^ t i in^thsr i® g l ^ i n ® i n 
• o & u t i o n i n d i c a t e © t h ® psmumncm oft MAo 
i r | S£ 3 AMitioga of a a ^ t i e ssci<S«SMNMiidl4ai® 
so lu t ion g i^ r^ a s i m t lms iksodiottting 
^hm psmmmAm o& Cz^ 
• i ) Sft s of m ^ eol«»simtiott ott 
adding pol;aMiim f a r r i s mtS u 
ab lu t ion of S ts^p&^iMa^ t o a 
ineeMLy mciA mbhxtixm of if»flic«t«8 
ptwtma^ ofi olxiott 
tM® e ^ s x i ^ out yg ^m^m iwthoia ^ 
w a l ^ i a CMS ffMosam^^ te^aMo 
i l mimg 
M l Oa QStimat*^ 
M i l Fa titt® Mtimatad ming th icxs^at© 
©etinsat^d 
Mi %ma 
m 
m r m m 
Bftuach Sitoe^ ^ p t t e t s ^ i e wm Uos^ 
pt—wt isR 
sm mh i Xiontea I rXttM mm 
^osr rnmmmdmt&m E^o 
6 } 
£S2!5££' 
Z and ZZ mewnarlee the r ee t t l t s of 
ehomical analyses of vAter aamplmi from random &itm 
i n v i c i n i t y of Ali'qaxh indua tx i a l ar®a« The 
"data 9ifren in the tal^lea refflpr^sent the ana lys ia 
t o p i c a l l y ehosen a a t ^ l e s out of aes^l^ii c o l l e c t e d 
too «ite«« 7abla<->3i» eho»«a tha da ta o£ ch<sRiieal 
fiiiiaiyaaa f o r ions ofrdinari ly p resen t i n urates' 
an^ isielut^a the d a t a f o r va r ious cdement^o 
l^he r e s u i t a of t^mnlcml analy®i@ 
te^icflito® thn t m> 6oliihi!& ef i r tonat^s pre«©nt i n 
ttco^'^ icaa praoant ccmo^t ra t ios i 
mnq^ of liO t o 3SS fitia CI eonocntraticm 
i n the rnn9« of 43 t o ppm aXthou^ a m l e t i v ^ y 
eosscantration i s n^tadi in inost of th© 
ttitaso ?titt C a ^ and io^© in 
mdbkstentiai amount i n tiratar having o c m c ^ t s ^ t i o n 
srann*® of 140 • S2® and 140 ® 494 ppmo respectivoly*. 
Sla eofitanta in «iat«r aasRplas in most cases 
highiMt than thoaa of G a ^ o r Hg"*^ * Tha c o n c e n t n t i o n 
a l l mmtplnm i s l oua r than Ce^^or asid 
i s found i n t he range of SO t® pp<i« 
Xxon vaa found invar i ab ly i n a l l v a t a r Bmg>l&m 
«rith m eo»eantr»t ion of 0«@ t o leO in non^ i n d u s t r i a l 
ayraas* Cu and m wara found only in i n d o a t r i a l watar 
i n tha eooeantra t ion ranga of OmS t o 1«S and o«IS t o p ^ 
Xn waa dataotad in eaajority of t he WAtc*? a^^nplas v i t h 
« sv ipr i s iAgly eoncantratioei C t o 3«S s ^ U 
Miokal was fouiMl only in ««ni>l«s col l0ct«d from 
v i c i n i t y of f a c t o r i e s ^ a r ^ a a Chromiitn vas d«t«N:;t«kS 
in Water aamplea frum indu8tr i« l areait in r ^ a t i v a l ^ 
low concantrat ions C 0«i t o OaS ppm )« 
DXSOj.SStON 
A glanca a t th« TebI«»-2 and 21 which amiaSiiriSB® 
thtt ic*muXtB of charaical analyses indicataa t h a t a l l 
wat^r aa»q;»l*a contain aj;^>r«ciabl« dttQrcea of 
with f a i r concantration of true® metals . Sinca th# 
wata r h«v© been c o l l e c t e d from th® 
opan wttlla nnd hari^-^jpump&e i t must hm wtphaaiadd th^t 
th«ri^ i« a hugm p o s s i b i l i t y of 4idao£ption of trac:# 
nwttalfv in tha soi l* tharafora r«iimltin^ in a much 
hiqhar concantration ^ th® ^ i^ao i l v a t a r . This 
atatemcsnt i s p a r t i c u l a r l y v a l i d f o r th© industriaS. rnemMm 
Oonaidaring the data of choiaieal analy»«B a faw 
Qwiaralisation could S>a made regarding ihet na ture of 
watar in tha v i c i n i t y of Aligarh i n d u s t r i a l svtgiont 
i ) Hith tha im;rttas« in d * coescacttration thar® ia 
ft dacraaa* in ec»c«ntrati<Mi«» Im not 
auxpriaing ainca CI** ion may paxeoota daconjpottitiojs at 
HCO^ ** duta t o ac id h&ms swactions involvings' a pmton '' 
i i ) Xn n f j o r i t y oC eases t h s conesntra t ion of 
I s «n Ind ica t ion of loMsring of Ms'^  o r 
v i e* vsrsa* This rasy bs sxplalned I f wo cons iaer & 
«ypicia rwketion* 3Nicl Cs ( >2 
alnos CaC&j ^ m s solti^ls^ t h e psescmcs of 
Mi^ rosy re tacd t h s concentrat ion of Cr^* lonSo 
i l l ) Xn nan«»lndu8trlal vater^ a conomt ra t lon of 
0«1 t o 0 .4 ppm P« I s the r e s u l t of ac id reac t ion 
i n t h e s o i l %ihlch I s invar iably contai^nated v l t h 
i ron oKlde^ However^ in i n d u s t r i a l ajct&as th® 
ooneonteatloa enhances t en f o i d C MsXa 4 ^ ^ ) 
d m t o effluentif frtyti i n d u s t r i a l Sactor leso 
« 
iv} Cu and Nti a r e found In eonse mt&r sas^ le s 
tsttlatlvely Xm c f ^ m m ^ m t t c m whereas sssn I s alvay© 
found In i n d u s t r l a i as ywll aa n o n - i n t t o t r l a l 
tSleHctiiE and OmjttiiUR) could ssot be detected ' 
iKxn*lndustriaI Meters but have h>mm found in selatiir^ll^ 
hi^l^her CGneesitrfttlmis In the ^ c l n i t y of i n d u s t r i a l 
«tie M.KoOe etassdards f o r pc^tabl® mtmK mxm 
9 i m i i n ¥ablic» -SSSe 
g^Wrf i r t t pg^tab^^ff W l ^ 
SbBESttiWHS germlss lble 
f e o . i s UO 
Ml 0 . 1 0«S 
Qt &.0 1«S 
s«o 1S«0 
Oi aod0 
MRT so«o ISO 
a 30GP iOO 
Or 0«05 Ml nciMun ellowbiSe 
ooneentratioffi 
OatnpaririQ our r e s u l t s with the w«K.o. c r i t e r i o n 
the following discussion may provide some uee fu l 
infoi»n>«tian regarding the extent of po l lu t ion in 
Aliqerh iniiluetrial r«<|lon» 
The Cl"* l eve l in Aligarh indhietrial and 
non-Indust r ia l water ( Max. 160 i : ^ ) i s within th« 
H.o. perml«siM« l imi t of 200 ppm^ ETvon in hi«g(her 
cc^ncentx^tiona i t &amr not prosent a major poll«iti«n 
psoblem, The Ca a i ^ Mg concentrat ion in Aligaxh 
imter ( Max* Ca i 532 ppm Mg. 494 ppm > e r e Riudi 
higher than W.H.O. c r i t e r i o n f o r por tab le water* 
fhcrefore« i t i s advisable t o reduce Cat mnd Mg 
l e v e l s by employing some economical so f ten ing proc«Mises 
in order t o make i t desixtible f o r drirOcing purposes* 
Althoug(H sxcess of Ca or Hg in water do not e n i a t * 
any po l lu t ion hasard^ but i t may not be s u i t a b l e f o r 
i r r i g a t i o n purposes and i s undoubtedly uneconcmical 
f o r indust r ies* 
Zn i n d u s t r i a l areas* the water s e n i l e s have 
iron contents ( Max* 4*0 ppm ) touch above the W*K*0* 
c r i t e r i o n . Fortunately r e i s one of the l e s s toocio 
poUuenta and i t does not l i k e l y t o be a seriotttt 
pivblen f o r drinking or i r r i g a t i o n pujeposes* 
Cu* Nn and Zn l e v e l s in non- indus t r ia l water 
Itii Aligarh are general ly f a r l e s a than t h e mmimm 
10 
{Hicmia«ibl« l i m i t s of w.H.o. c r i t e r i o n ther«£oni# 
do not po«« any pxoblfm. Ho%««w«r« tho r«9iotui 
Alt th<i v i c i n i t y ^Industrial p lant* h«ve much 
eoincm^i^^loM of Cu and Itn In w«t«r« In 
gcnaral* of C^ l e h l ^ I y toKlo t o «l9a«« 
••ft p lun t s and inv*i^«briit«» but only itiod«ic«t«iy 
tCMie t o waramftla, sl^liglhtly h l ^ o r eone«aitjratlon 
of Mn And Kn do not )Mve «ny h a m f u l «f f«cta« 
The i fater from J^lgach Indus t r i a l rvglon 
undoubtedly c < » i t A i n a tmi^h l^l^her concftntratloos 
of 111 and c r { Plainly ^ ^ the a f f l u a n t a of 
and Cr p l a t i n g p lan t s ) than the ellownblo liraita* 
The t o x i c i t y of Cr la «rall knonm and Hi should 
a l so ba toKio in such a high eonownticatlon* 
Fo r tumta ly th« contaminatlcm Ni fnd Cr i s 
not wide epraad «nd i a l ini i ted to 9om po<^kata and 
hatcardua a f^ae ta of these c o n a t l t u a n ^ 
avoided by not using the watar of t h i a ^ ^ ^ i ^ ^ M 
drinHing or household puxpoaea* 
The cheraioal anelysia the randoBdy 
na te r aanvlea of i ndus t r i a l areas of Allgarh i n d l ^ ^ 
•o poeaible po l lu t ion due t o Ctt« Mn end In* 
•ad ia the re fo re e u i ^ b i e f o r drinking end i r r i ^ t i e n 
yuiposea* However* Mi end Cr a re present i n eooMi 
y o k e t s in such % ooneentretion* which i s well idaoMre 
I I 
th« i t o x i c l l m i t a . A Al«pX« tmmAi»l way t o c h t t e k 
t h i * p o l l u t i o n i s t o A v o i d t h o u o f w a t e r i n 
t t i i * fffKtidt^ f o r d r i n k i n g n n d h o u s e h o l d p u c p 0 8 « 9 » 
Vhm a b f s o n m i l l y h i g h o a l e i i t m a n d nrnffnmnium l « n r « i « 
w t ^ l m e t tht t a l « r m i n 9 l y h i ^ O m g r m o f h a r d n e s s 
im A l i ^ rfi W0ter« 
W i t h r c t p i d i n d u s t r i e l i e a t i o R o f / a i g a r h * i t 
Imis bttoome « » o t t n t i f t l t o h f i v « p e r i o d i c s t u i S ^ o f 
/ H i g a c h s u b s o i l w a t e r n e a r i n d u s t r i a l u r e a s oth(ptiyi#l!> 
p t a X u t i t m C 9 ^ i a l l y d u e t o t h e t r a c e « l i m « a n t a ) 
m t y c i l^snte s e r i o u s p i t ^ l e m s i n t h e f o r e a e a b l © f o t s t f * * 
HggERKtiCES 
tm yeigl« rtXtn <• sp<it t e s t in Inoipganie 
Aaslyses y««r t9 ta 
i * S a n d e l l * * G o l o r i > n e t i o O e t e n a i n e t i o n 
of t r accs of metnls* Xntersei«fie« publ i shers 
K i9S9 > London. 
Mobert M* Sentanie l l in • Water <|U«Xity 
erit«ftri« and standards f o r i n d u s t r i a l 
• r f a c t s ' * From • Xndustrir>l Pol lu t ion 
cont ro l Hand Book** Edited by Keabert r« l«nd* 
MC Oraw^Kill book ^Coupma^ year i 1971 ) 
ilswyourke 
2 6 9 
THIRD REGIONAL CONFERENCE ON GEOLOGY AND 
MINERAL RESOURCES OF SOUTHEAST ASIA 
BANGKOK, THAILAND 
14-18 NOVEMBER, 1978 
O R I G I N A N D C L A S S I F I C A T I O N O F I N D I A N P H O S P H O R I T E S : A G E O C H E M I C A L A P P R O A C H 
S.H. ISRAILI 
Department of Geology 
Ah'garh Muslim University 
Aligarh-202001, India 
A B S T R A C T . P h o s p h o r i t e s in t h e I n d i a n s u b c o n t i n e n t o c c u r as 
s y n g e n e t i c b e d d e d a n d res idua l d e p o s i t s o r in t h e f o r m o f 
a p a t i t e - r i c h ve ins r a n g i n g i n age f r o m t h e P r e c a m b r i a n t h r o u g h 
u p p e r Pa laeozo ic t o M e s o z o i c . T h e y u s u a l l y o c c u r i n a s s o c i a t i o n 
w i t h d o l o m i t i c l i m e s t o n e s , q u a r t z i t e s , che r t s , shales a n d r a r e l y 
i n sand-s tones w i t h g r a n i t e o r g ran i te -gne iss as base o r in t h e i t s 
c lose v i c i n i t y . G e o c h e m i c a l s t u d i e s o f a b o u t f i v e h u n d r e d ( 5 0 0 ) 
se lec ted s a m p l e s c o v e r i n g a l m o s t a l l t h e i m p o r t a n t d e p o s i t s , 
i n d i c a t e an i n o r g a n i c p r e c i p i t a t i o n o f p h o s p h a t i c m a t e r i a l in a 
s h a l l o w m a r i n e ^ e n v i r o n m e n t , w h e r e s i l ica, l i m e a n d phos -
p h o r o u s w e r e b r o u g h t a b o u t b y t h e w e a t h e r i n g o f p r e - e x i s t i n g 
g ran i t es a n d s i m i l a r o t h e r s r o c k s c o n t a i n i n g u p t o 2 % P 2 O 5 
F o r m s a n d s t r u c t u r e s , s t r o m a t o l i t i c assemblage, c h d m i c a l a n d 
m i n e r o l o g i c a l c h a r a c t e r s , s e d i m e n t a r y g e o m e t r y a n d bas in 
f r a m e w o r k a lso s t r e n g t h e n t h e a b o v e o b s e r v a t i o n s . I t is n o t i c e d 
t h a t in t h e m a j o r i t y o f t h e p h o s p h o r i t e d e p o s i t s , CaO/IVIgO 
r a t i o goes u p w i t h t h e inc rease i n c o n t e r . t because i n r i c h 
p h o s p h o r i t e d e p o s i t s ( P j O g > 4 0 % ) M g o r e m a i n s c o n s t a n t 
( a r o u n d 2 % ) . I t is t h e r e f o r e i n f e r r e d t h a t t h e p r e c i p i t a t i o n o f 
a p a t i t e a n d o t h e r p h o s p h a t i c m i n e r a l s t o o k p lace i n m a r i n e o r 
e s t u a r i n e e n v i r o n m e n t b y e x c h a n g i n g IVIg f o r Ca i ons u n d e r 
c o n t r o l l e d p h y s i c o - c h e m i c a l c o n d i t i o n s . P j O g w a s p r e c i p i t a t e d 
a t l o w t o m o d e r a t e E h ( 0 . 4 • - 0 . 6 , i .e . , s l i g h t l y r e d u c i n g t o f a i r l y 
o x i d i z i n g ) a n d p H in b e t w e e n 7 .1 a n d 7 . 8 , w h e r e a s CaCOg 
a t p H m o r e t h a n 7 .8 . M g O w o r k e d as a c a t a l y s t i n t h e i r c o n c e n -
t r a t i o n . 
R e v i e w o f t h e w o r l d ' s p h o s p h o r i t e o c c u r r e n c e s reveals 
t h a t t h e t e r m p h o s p h o r i t e has b e e n used i vague ly w i t h o u t 
ass ign ing a n y g rade , c h e m i c a l o r m i n e r a l o g i c a l p a r a m e t e r s . T h u s 
an a t t e m p t has been m a d e t o c lass i f y t h e p h o s p h o r i t e s a n d 
o t h e r p h o s p h a t i c s e d i m e n t s o n t h e basis o f C a O / P j O g a n d 
8 1 0 2 / P j O g r a t i o s f o r Ca r i c h o r Si r i c h assoc ia t i ons r e s p e c t i v e l y . 
On t h i s basis p h o s p h a t i c r o c k s w e r e c lass i f i ed i n t o f i v e major 
ca tegor ies ( i) L i m e s t o n e / s i l i c o n i t e ( C a O / P j O g o r S i 0 2 / P 2 0 5 
r a t i o 1 0 0 . 1 t o 5 0 ; 1) ( i i ) S l i g h t l y p h o s p h a t i z e d - l i m e s t o n e / 
s i l i c o n i t e ( 4 9 . 9 9 :1 t o 1 0 : 1 ) ( i i i ) P h o s p h a t i c l i m e s t o n e / s i l i c o -
n i t e ( 9 . 9 9 . 1 t o 2 : 1 ) ( iv) C a l c - p h o s p h o r i t e / s i l i c o - p h o s p h o r i t e 
( 1 . 9 9 :1 t o 1 : 1 ) (v ) P h o s p h o r i t e ( 0 . 9 9 : 1 t o 0 . 5 : 1 ) . 
I N T R O D U C T I O N 
P h o s p h o r i t e s in t h e w o r l d ove r are c h a r a c t e r i s e d b y dis-
t i n c t fac ies p a t t e r n , sepa ra te sou rces o f p a r e n t m a t e r i a l a n d d i f 
fe rences in d e p o s i t i o n a l e n v i r o n m e n t . V a r i o u s m e c h a n i s m s have 
been p r o p o s e d f o r t h e f o r m a t i o n o f p h o s p h o r i t e s . S o m e 
p r o p o s e d an e n t i r e l y an o r g a n i c o r i g i n (Penrose , 1 8 8 8 ) o n t h e 
basis o f an a s s o c i a t i o n o f p h o s p h o r i t e s w i t h t r u e c a p r o l i t e s a n d 
o t h e r ske le ta l m a t e r i a l s such as t e e t h , b o n e s , she l ls a n d carapaces 
e tc . , o t h e r s p r o p o s e d a r e p l a c e m e n t t h e o r y f o r t h e a c c u m u l a -
t i o n o f p h o s p h o r i t e s d u e t o c a r b o n a t e r e p l a c e m e n t f r o m shel ls 
a n d sponges ( F i s h e r , 1 8 7 3 ; G o l d m a n , 1 9 2 2 ; T r a s k , 1 9 3 9 ; W a g -
g a m a n , 1 9 5 2 ; G r a h a m a n d o t h e r s , 1 9 5 4 ; G u l i c k , 1 8 5 5 ; R e d f i e l d , 
1 9 5 8 ; A m e s , 1 9 5 9 - L e G e r o z , 1 9 6 5 ; D e g e n s , 1 9 6 5 . G u l b r a n d -
sen, 1 9 6 0 , 1 9 6 6 , 1 9 6 9 . L e G e r o z a n d o t h e r s , 1 9 6 5 , 1 9 6 7 . 
K r a u s k o p f , 1 9 6 7 . B e r g , 1 9 7 2 ; M a r e u s o a n d o t h e r s , 1 9 7 5 ; P a t -
w a r d h a n , 1 9 7 1 ; V a l d i y a , 1 9 7 1 ; P a t w a r d h a n , a n d o t h e r s , 1 9 7 5 • 
V e r m a a n d o t h e r s , 1 9 7 5 ' . S r i v a s t a v a a n d o t h e r s , 1 9 7 8 ) . 
T h e r e is a n o t h e r s c h o o l o f t h o u g h t w h i c h be l i eves in an 
i n o r g a n i c o r i g i n o f p h o s p h o r i t e s d u e t o t h e p r e c i p i t a t i o n o f 
p h o s p h a t i c m a t e r i a l o n o n e s ide o f t h e bas in c a u s e d u p r i s i n g 
( u p w e l l i n g ) o f d e e p p h o s p h a t e r i c h w a t e r s a l o n g t h e she l f 
( K a z a k b v , 1 9 3 7 ) , o r d u e t o fac ies changes , bas ic a t m o s p h e r i c 
c i r c u l a t i o n , o c e a n i c u p w e l l i n g a n d w a r m a r i d , c l i m a t e ( M c k e l -
v e y , 1 9 5 9 , 6 7 ; Wlcke lvey a n d o t h e r s , 1 9 5 3 ; C h e n e y , 1 9 5 5 ; 
C h e n e y a n d o t h e r s , 1 9 5 9 ; S h e l d o n , 1 9 6 4 ; C reessman a n d o t h e r s , 
1 9 6 4 ; M a u g h a n , 1 9 6 6 ; _ S h e l d o n a n d o t h e r s , 1 9 6 7 ; Y o c h e i s o n , _ 
1 9 6 8 ; a n d Is ra i l i , 1 9 7 6 a .b . 1 9 7 8 ) . 
M a n y o f t h e ea r l i e r w o r k s h a v e r e p o r t e d n e g a t i v e f ea tu res 
as f a v o u r a b l e s i tes f o r t h e d e p o s i t i o n o f p h o s p h a t e s such as 
s y n d e p o s i t i o n a l s y n c l i n e s ( B e n t o r , 1 9 5 3 ; Y o u s s e f , 1 9 5 8 , 6 5 , 
7 7 ) . i n h e r i t e d f o l d s ( B u s h i n s k i i , 1 9 6 6 ) . P s e u d o s y n c l i n a l t r o u g h s 
( W i l l c o x , 1 9 5 3 ) . P h y s i o g r a p h i c dep ress ions (V isse , 1 9 5 2 ) 
S u b s i d i n g I z o n e o f t h e f l o o r (Char les , 1 9 5 3 ) a n d p e n e c o n t e m -
p o r a n e o u s g rabens ( Y o u s s e f , 1 9 6 7 ) . 
O n t h e basis o f r e c e n t s t u d i e s o f p h o s p h a t e d e p o s i t i o n 
a l o n g B a y o f f C a l i f o r n i a , M e x i c o , D ' A n g l e j a n ( 1 9 6 8 ) i n d i c a t e s 
a s u f f i c i e n t c o n c e n t r a t i o n o f PjOg i n p r e s e n t d a y sea w a t e r s a n d 
suggests d i r e c t p r e c i p i t a t i o n o f p h o s p h a t i c m a t e r i a l . S o m e o f 
t h e w o r k e r s have sugges ted a p a t i t e m i n e r a l g r o u p as t h e p r i m a r y 
p h o s p h a t e b u f f e r s y s t e m in t h e m a r i n e e n v i r o n m e n t (S i l l en , 
1961 , ; K r a m e r , 1 9 6 4 , a n d R o b e r s o n , 1 9 6 6 ) . G u i b r a n d s o n 
( 1 9 6 6 ) p r o p o s e d d i r e c t p r e c i p i t a t i o n a n d r e p l a c e m e n t o f cal-
c i u m c a r b o n a t e f o r t h e f o r m a t i o n o f a p a t i t e . F o r m a t i o n o f 
a p a t i t e b y m e a n s o f o t h e r t h a n d i r e c t p r e c i p i t a t i o n has a lso 
been d e m o n s t r a t e d b y m a n y o f t h e ea r l i e r w o r k e r s . D ' A n g l e j a n 
( 1 9 6 8 ) p r o p o s e d t h e f o r m a t i o n o f m a r i n e p h o s p h o r i t e s d u e t o 
t h e r e p l a c e m e n t o f s k e l e t a l c a r b o n a t e s . A m e s ( 1 9 5 9 ) success-
f u l l y c o n v e r t e d c a l c i t e i n t o a p a t i t e i n d i s t i l l e d w a t e r b y pass ing 
l o w c o n c e n t r a t i o n s of N a j P O ^ o v e r i t s l o w l y . C r i s t o p h e r a n d 
o t h e r s ( 1 9 7 0 ) p o s t u l a t e d d i r e c t p r e c i p i t a t i o n o f a p a t i t e f r o m 
m a g n e s i u m f r e e sea w a t e r t h r o u g h e x c h a n g e o f m a g n e s i u m f o r 
c a l c i u m . 
I n o r d e r t o v i e w t h e p h o s p h o r i t e p r o b l e m in i t s r i g h t per -
s p e c t i v e , i t is d e s i r a b l e f i r s t t o assign a p r o p e r c o d e o f n o m e n c l a -
t u r e f o r t h e p h o s p h o r i t e s o n t h e basis o f t h e i r p h o s p h a t e c o n -
t e n t , l i t h o l o g i c a l a s s o c i a t i o n s a n d c o n f i g u r a t i o n o f t h e bas in . 
P resen t s t u d y is p a r t o f t h e d e t a i l e d w o r k t h a t t h e a u t h o r is 
c a r r y i n g o n t h e v a r i o u s p h o s p h o r i t e d e p o s i t s o f I n d i a as regards 
t o t h e i r g e o c h e m i s t r y , m o d e o f f o r m a t i o n a n d p r o p e r c o d e o f 
n o m e n c l a t u r e . I n t h e p r e s e n t p a p e r t h e a u t h o r dea ls w i t h t h e 
v a r i o u s l i t h o l o g i c a l assoc ia t i ons o f p h o s p h o r i t e s in I n d i a a n d 
p r o p o s e s a s u i t a b l e n o m e n c l a t u r e i n o r d e r t o g r o u p t h e v a r i o u s 
p h o s p h a t e s e d i m e n t s o n t h e basis o f t h e d o m i n a n t g e o c h e m i -
ca l p a r a m e t e r s t h a t m i g h t a lso t h r o w s o m e l i g h t o n t h e i r o r i g i n . 
F O R M S A N D S T R U C T U R E S 
P h o s p h o r i t e d e p o s i t s t h a t o c c u r in I n d i a b e l o n g t o va r i ed 
ages a n d t h u s t h e y have v a r i e d f o r m s a n d s t r u c t u r e s . T h e y range 
f r o m b e d d e d , mass ive , g r a n u l a r , p e l l e t a l , n o d u l a r , b r e c c i a t e d t o 
p h o s p h a t i z e d shel ls . A t p laces t h e y are b r o k e n a n d b o u d i n a -
ged d u e t o la te r d e f o r m a t i o n . S o m e o f t h e p h o s p h o r i t e s a lso 
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c o n t a i n p r i m a r y s e d i m e n t a r y s t r u c t u r e s s u c h as c ross -bedd ings , 
g r a d e d - b e d d i n g s , r i p p l e m a r k s , p o d m a r k s , d e s s i c a t i o n c r a c k s 
e t c . E a c h f o r m has a c h a r a c t e r i s t i c l i t h o l o g i c a l a s s o c i a t i o n , 
s t r u c t u r a l f e a t u r e s , r e f l e c t i n g severa l e n v i r o n m e n t a l f a c t o r s 
l i k e l i g h t , w e t n e s s , s a l i n i t y , E h - p H c o n d i t i o n s , b o t t o m t r a c t i o n , 
ra te o f s e d i m e n t a t i o n e t c . 
L I T H O L O G I C A L A S S O C I A T I O N S 
In I n d i a t h e p h o s p h a t i c m a t e r i a l s c o u l d be c lass i f i ed i n t o 
t h r e e ca tego r ies v i z . s y n g e n e t i c d e p o s i t s , a p a t i t e ve ins a n d resi-
Figurel. Phosphorite Deposits of India 
E X P L A N A T I O N 
A . P r e c a m b r i a n P h o s p h o r i t e s 
1. J h a m a r k o t r a 2 . D a k a n k a t r a 
3 . M a t o n 4 . K a r b a r i a - k a - G u i 
5 . K a n p u r 6 . U m r a 
7 . S i s a r m a 8 . S a l l o p a t 
9 . R a m k a m u n n a 1 0 . C h i t t o r g a r h 
11 . B a n d a 1 2 . P i t h o r a g a r h 
13 . S h a h a b a d 14 . P a l a m a u 
15 . H a r i p u r - M a r d e o r a 16 . J h a b u a 
B. Pa laeozo ic P h o s p h o r i t e s 
17. B i r m a n i a 18 . Paha lgam 
C. M e s o z o i c P h o s p h o r i t e s 
19. M u s s o r i e 2 0 . S i r m u r 
2 1 . F a t e h g a r h 2 2 . S. A r c o t 
2 3 . T i r u c h i r a p a l l i 2 4 . N a m b a k k u r u c h i 
2 5 . V a r a g u p a d i 2 6 . T u t i p a t t i 
2 7 . A k a s a m u t h u 
D . T e r t i a r y P h o s p h o r i t e s 
2 8 . G a r o & J a n t i a h i l l s 2 9 . M u r r i e s 
3 0 . B h u j 
E. A p a t i t e Depos i t s . 
3 1 . Sa ra i ke la 3 2 . K h e j u r i 
3 3 . N a n d u p 3 4 . M a y u r b h a n j 
3 5 . V i s h a k a p a t n a m 3 6 . S i t a r a m p u r 
3 7 . S i k a r 3 8 . K e r p u r a 
3 9 . S a l w a r i 4 0 . N e w a n i a 
4 1 . S e v a t h u r 
F. G u a n o D e p o s i t s 
4 2 . A m i n d i v i ( L a c c a d i v e ) . 
d u a l d e p o s i t s d i s t r i b u t e d in v a r i o u s s t r a t i g r a p h i c c o l u m n s . Phos-
p h o r i t e s o f P r e c a m b r i a n age are r e s t r i c t e d t o A r a v a l l l a n d 
V i n d h y a n bas ins a n d t h e i r e q u i v a l e n t s . T h e p h o s p h o r i t e s i n 
A r a v a l l i s e q u e n c e are assoc ia ted w i t h d o l o m i t e s in t h e n o r t h e r n 
a n d c h e r t y q u a r t z i t e s w i t h occass iona l p h y l l i t e s i n t h e s o u t h e r n 
p a r t o f t h e b a s i n , r es t i ng o n t h e b a s e m e n t o f b a n d e d gne lss ic 
c o m p l e x . P h o s p h o r i t e d e p o s i t s o f A r a v a l l i age are w i d e l y scat-
t e r e d in U d a i p u r , B a n s w a r a , p a r t o f D u n g a r p u r d i s t r i c t s o f Ra-
j a s t h a n . In J h a b u a (M .P . ) p h o s p h o r i t e o c c u r s w i t h d o l o m i t i c 
l i m e s t o n e s , c h e r t y q u a r t z i t e s a n d s i l i c i f i e d r o c k s o v e r l a i n b y 
p h y l l i t e s a n d u n d e r l a i n b y g ran i t es a n d gran i te -gne isses (?) e t c . 
I n P i t h o r a g a r h (U .P . ) t h e p h o s p h o r i t e s are assoc ia ted w i t h 
shales, d o l o m i t i c l i m e s t o n e s , p h y l l i t e s a n d o c c a s i o n a l c h e r t s , 
n o t f a r f r o m g r a n i t i c b a s e m e n t . 
T h i n p h o s p h a t i c b a n d s a lso o c c u r in shales i n C h i t t o r g a r h 
( R a j a s t h a n ) , i n t h e t u r b i d i t e s e q u e n c e w i t h a l t e r n a t e b a n d s o f 
p e l l e t a l l i m e s t o n e s a n d g l a u c o n i t i c sands tones i n B a n d a d i s t r i c t 
(U .P . ) a n d i n t h e l o w e r v i n d h y a n l i m e s t o n e s o f S h a h b a d a n d 
P a l a m a u d i s t r i c t o f B i h a r . M o s t o f t h e s e d e p o s i t s l i e a t t h e p e r i -
p h e r y o f B u n d e l k h a n d c r a t o n i c area. T h e p e r c e n t a g e o f P j O g 
i n these d e p o s i t s var ies f r o m 5 t o 10%. R e c e n t o c c u r r e n c e s o f 
u r a n i f e r o u s p h o s p h o r i t e s i n C h h a t a r p u r a n d Sagar d i s t r i c t s 
( M . P . ) nea r H i r a p u r a n d M a r d e o r a , i n d i c a t e s h a l e - l i m e s t o n e 
a s s o c i a t i o n in B i j a w a r series a n d c o n g l o m e r a t e s - l i m e s t o n e s a n d 
sand-s tones i n V i n d h y a n r o c k s . ^ " 
T h e p a l a e o z o i c p h o s p h o r i t e s have b e e n r e p o r t e d f r o m B i r -
m a n i a in J a i s a l m e r d i s t r i c t ( R a j a s t h a n ) w h i c h are c h a r a c t e r i s e d 
b y c a l c - q u a r t z i t e s - p h o s p h o r i t e s - s i l i c e o u s - l i m e s t o n e s w i t h occas-
s iona l shales. B a n d e d a n d p e l l e t a l t y p e o f p h o s p h o r i t e is 
c o m m o n i n t h i s area. T h e p h o s p h o r i t e s o f M u s o o r i e (U .P . ) a n d 
S i r m u r (H .P . ) l ie i n T a l (Jurass ic ) r ocks -a u n i t o f K r o l - n a p p e a n d 
assoc ia ted b l a c k c h e r t - c h e r t y a n d ca lc -sha les f o l l o w e d b y ar-
g i l l a ceous l i m e s t o n e s . 
C r e t a c e o u s p h o s p h o r i t e s o f T i r u c h i r a p a l l i , S. A r c o t a n d 
P o n d i c h e r r y a n d C r e t a c e o u s - T e r t i a r y p h o s p h o r i t e s o f M e g h a l a y a 
o c c u r as n o d u l e s in shales a n d m a r l y l i m e s t o n e s , m o s t l y associa-
t e d w i t h p h o s p h a t i z e d shel ls a n d o t h e r o r g a n i c r e m a i n s . Phos-
p h o r i t e s o f F a t e h g a r h ( Ja i sa lmer ) a n d o f K u t c h l ie in a s s o c i a t i o n 
w i t h f e r r u g i n o u s sands tones ( C r e t a c e o u s ) a n d Jurass ic sand-
s tones r e s p e c t i v e l y . 
F r o m t h e a b o v e d i s c u s s i o n i t c o u l d b e g a t h e r e d t h a t t h e 
p h o s p h o r i t e d e p o s i t s in I n d i a o c c u r u n d e r t h r e e t y p e s o f l i t h o l o -
g ica l assemblages, ( i ) D o l o m i t i c l i m e s t o n e - p h o s p h o r i t e - c h e r t y -
q u a r t z i t e w i t h gneissose o r g r a n i t i c b a s e m e n t o r i n t h e v i c i n i t y , 
p r e f e r a b l y in t h e c e n t r a l p a r t o f t h e bas in , ( i i ) S h a l e - d o l o m i t i c 
l i m e s t o n e - c h e r t - c o n g l o m e r a t e a n d s a n d s t o n e s w i t h g r a n i t i c base-
m e n t , c h i e f l y a t t h e p e r i p h e r a l p o r t i o n o f B u n d e l k h a n d c r a t o -
n i c area, ( i i i ) P h o s p h a t i c n o d u l e s w i t h s h a l e s - m a r l y - l i m e s t o n e s , 
assoc ia ted p h o s p h a t i z e d shel ls a n d o t h e r o r g a n i c r e m a i n s . 
S T R O I W A T O L I T I C A S S E P 1 B L A G E 
M o s t o f t h e p r e c a m b r i a n p h o s p h o r i t e d e p o s i t s i n I n d i a a r e 
assoc ia ted w i t h a lga l s t r o m a t o l i t e s , w h i c h are p rese rved in d o l o -
m i t e s , c a l c a r e o u s q u a r t z i t e s a n d d o l o m i t i c l i m e s t o n e s . 
These a re l a m i n a t e d b i o - s e d i m e n t a r y s t r u c t u r e s u s u a l l y 
a t t r i b u t e d t o t r a p p i n g , a n d a t p laces c h e m i c a l a c t i o n as n o n 
ske le ta l a lgae o f s h a l l o w w a t e r e n v i r o n m e n t . L o g a n , R e z a k 
a n d G i n s b u r g ( 1 9 6 4 ) p r o p o s e d a c l a s s i f i c a t i o n o f t h e s e 
s t r o m a t o l i t e s i n t o t h r e e g r o u p s based o n t h e i r g e o m e t r i c f o r m 
a n d i n t e r n a l r e l a t i o n s h i p , n a m e l y (a) l a t e r a l l y l i n k e d h e m i s -
p h e r o i d s ( L L H ) (b ) d i s c r e t e , v e r t i c a l l y s t a c k e d h e m i s p h e r o i d s 
( S H ) , ( C ) d i s c r e t e , s p h e r o i d s e i t h e r as r a n d o m l y s t a c k e d o f c o n -
c e n t r i c a l l y a r r a n g e d s p h e r o i d s (SS) . 
O n t h e basis o f shape, s t r u c t u r e , m o d e a n d k i n d o f b r a n -
c h i n g , n a t u r e o f l a te ra l su r faces p f b o u n d a r i e s , degree o f c o n v e -
x i t y o f each l i m i n a g e , t h e s t r o m a t o l i t e s have been used b y m a n y 
o f t h e Russ ian w o r k e r s as m a r k e r h o r i z o n s a n d have g i ven t h e m 
a t e n a b l e g e o c h r o n o l o g i c a l s i g n i f i c a n c e , i n t h e d e t e r m i n a t i o n 
o f p a l a e o - e n v i r o n m e n t a n d d i r e c t i o n o f s e d i m e n t t r a n s p o r t . I n 
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I n d i a a c o m p r e h e n s i v e l i t e r a t u r e o n s t r o m a t o l i t e s , t h e i r s t r u c -
t u r a l c h a r a c t e r i s t i c s a n d s i g n i f i c a n c e has c o m e u p i n r e c e n t 
years , e s p e c i a l l y f r o m t h e P r e c a m b r i a n f o r m a t i o n s . T h e y a re 
f o u n d t o o c c u r i n a s s o c i a t i o n w i t h P r e c a m b r i a n p h o s p h o r i t e s 
o f U d a i p u r , K o t a , C h i t t o r g a r h , S a w a i m a d h o p u r ( R a j a s t h a n ) , 
J h a b u a , D u r g ( M . P . ) , P i t h o r a g a r h , ( U . P . ) , J a m m u (J & K ) a n d 
o t h e r p a r t s o f Lesser H i m a l a y a s . T h e s t r o m a t o l i t e s , bes ides 
p h o s p h o r i t e s a r e a lso k n o w n t o o c c u r assoc ia ted w i t h g y p s u m , 
i r o n , manganese , c o p p e r , lead , a n d z i n c w i t h m a g n e s i t e a t a f e w 
p laces. 
M o s t o f t h e P r e c a m b r i a n p h o s p h o r i t e s o c c u r i n t h r e e d is-
t i n c t f o r m s i n c lose a s s o c i a t i o n o f s t r o m a t o l i t e s n a m e l y c o l u m -
n a r s t r o m a t o l i t i c p h o s p h o r i t e s , s t r a t i - f o r m o r l a m i n a t e d s t r o m a -
t o H t i c p h o s p h o r i t e s a n d b r e c c i a t e d s t r o m a t o l i t i c p h o s p h o r i t e s . 
C H E M I C A L & M I N E R A L O G I C A L A S S E M B L A G E 
C h e m i c a l ana l ys i s o f a b o u t f i v e h u n d r e d ( 5 0 0 ) s a m p l e s o f 
p h o s p h o r i t e s o f v a r i o u s s t r a t i g r a p h i c c o l u m n s a n d c o v e r i n g a l l 
t h e i m p o r t a n t p h o s p h o r i t e d e p o s i t s w a s c a r r i e d o u t . T h e resu l t s 
o f t h e ana l ys i s i n d i c a t e t h a t t h e r e is a g r a d u a l decrease i n S i O j 
C a C , M g O w i t h t h e inc rease in P ^ O g c o n t e n t ( T a b l e I ) . I n t h e 
p h o s p h o r i t e s a m p l e s w i t h m o r e t h a n 4 0 % o f P2 0 g c o n t e n t M g O 
- r e m a i n s s t a t i o n a r y ( a r o u n d _ 2%) a l t h o u g h t h e r e is a g r a d u a l 
r e m o v a l o f S i O j a n d C a O d e p e n d i n g u p o n t h e l i t h o l o g i c a i a s s o ^ " 
c i a t i o n s . O n t h e o t h e r h a n d t h e r e is a p rog ress ive i n c r e m e n t i n 
A l j O g , F e j O g , M n O a n d in s o m e cases U g O g i n d i c a t i n g t h e 
p r e c i p i t a t i o n o f p h o s p h o r i t e s u n d e r c o n t r o l l e d p h y s i c o - c h e m i c a l 
c o n d i t i o n s a t l o w t o m o d e r a t e E h ( 0 . 4 — 0 . 6 , i .e. s l i g h t l y r e d u c -
i n g t o f a i r l y o x d i z i n g c o n d i t i o n s ) a n d a t n e u t r a l t o m o d e r a t e p H 
( 7 . 1 t o 7 . 8 ) . T h e c o n s t a n t n a t u r e o f M g O in h i g h g rade phos -
p h o r i t e s w h e r e C a O is g r a d u a l l y r e m o v e d re f l ec t s t h a t M g O 
a c t e d as a c a t a l y s t i n t h e C o n c e n t r a t i o n o f P 2 0 g a n d i n the 
r e m o v a l o f C a O w i t h o u t l os ing i t a m o u n t . 
F o r m i n e r a l o g i c a l s t u d y t h e p h o s p h o r i t e s w e r e c r u s h e d a n d 
i n d i v i d u a l g ra ins o f p h o s p h a t i c m i n e r a l s w e r e s e p a r a t e d b y u s i n g 
v a r i o u s m i x t u r e s o f m e t h y l e n e i o d i d e a n d b r o m o f o r m i n o r d e r 
t o sepa ra te t h e v a r i o u s p h o s p h a t e m i n e r a l s d u e t o t h e i r v a r y i n g 
dens i t i es . T h e g ra ins so o b t a i n e d w e r e m o u n t e d i n c a n a d a ba l -
sam a n d w e r e s t u d i e d u n d e r t h e m i c r o s c o p e . I t w a s n o t i c e d 
t h a t m a j o r i t y o f P r e c a m b r i a n p h o s p h o r i t e s c o n t a i n d a h l i t e , 
c h l o r a p a t i t e , f l o u r a p a t i t e , m o r i n i t e , w h i t l o c k i t e a n d s t r o n t i o a -
p a t i t e w i t h r a r e l y f r a n c o l i t e , w h e r e a s t h e Pa laeozo i c a n d L o w e r 
M e s o z o i c p h o s p h o r i t e s c o n t a i n d a h l i t e , f r a n c o l i t e , c o i o r a p a t i t e 
a n d f l o u r - a p a t i t e , w h e r e a s i n n o d u l a r a n d g u a n o d e p o s i t s , d a h -
l i t e , f r a n c o l i t e a n d m o n e t i t e a r e p r e d o m i n a n t . 
S E D I M E N T A R Y E N V I R O N M E N T 
T h e p h o s p h o r i t e s in I n d i a o c c u r u n d e r v a r i e d f o r m s a n d 
s t r u c t u r e s a n d l i t h o l o g i c a i assoc ia t i ons . I n a f e w p h o s p h o r i t e 
d e p o s i t s , H i r a p u r - M a r d e o r a (Sagar a n d C h h a t a r p u r d i s t r i c t s ) , 
a c o m p l e t e s e q u e n c e f r o m a r e n a c e o u s t o a rg i l l a ceous a n d f i n a l l y 
c u l m i n a t i n g i n t o c a r b o n a t e s e d i m e n t a t i o n w i t h p h o s p h o r i t e 
in b e t w e e n , w i t h B u n d e l k h a n d g r a n i t e a t t h e base has b e e n 
n o t i c e d . P h o s p h o r i t e i n t h i s r e g i o n var ies f r o m a p a t i t i c ve ins 
t o s y n g e n e t i c a n d as d i s s e m i n a t e d a p a t i t e g ra ins i n g ran i t es . 
U r a n i u m c o n t e n t is a lso q u i t e h i g h i n these p h o s p h o r i t e s . A t 
o t h e r p laces ( M a t o n , K a r b a r i a k a g u r h a i n U d a i p u r d i s t r i c t ) , 
t h e p h o s p h o r i t e s a lso o c c u r i n a s s o c i a t i o n w i t h F e a n d M n . A l l 
these a s s o c i a t i o n s suggest s l i g h t l y r e d u c i n g t o f a i r l y o x i d i z i n g 
c o n d i t i o n s f o r t h e p r e c i p i t a t i o n o f t hese p h o s p h o r i t e s . L i t h o l o -
g ica i , s t r o m a t o l i t i c , a l g a l - b i o h e r m a l assoc ia t i ons a n d p r i m a r y 
s e d i m e n t a r y s t r u c t u r e s a lso i n d i c a t e a t i d a l i n t e r t i d a l f l a t en-
v i r o n m e n t o f d e p o s i t i o n f o r m a j o r i t y o f t h e I n d i a n P h o s p h o -
r i tes . 
G E N E S I S O F P H O S P H O R I T E S 
F r o m t h e s t u d y o f f o r m s , s t r u c t u r e s , l i t h o l o g i c a i , s t r o m a -
t o l i t i c , c h e m i c a l a n d m i n e r a l o g i c a l assemblages, i t is i n f e r r e d 
t h a t t h e o r i g i n o f p h o s p h o r i t e is p u r e l y d u e t o c h e m i c a l p r e c i p i -
t a t i o n p h e n o m e n o n c o n t r o l l e d b y t h e p h y s i c o - c h e m i c a l cha rac -
t e r s o f t h e m e d i u m such as t h e c h a n g e i n E h - p H a n d s u p p l y o f 
t h e m a t e r i a l . S i O j , P 2 O 5 ^ n d C a O w a s b r o u g h t t o t h e depos i -
t i o n a l bas in b y t h e w e a t h e r i n g o f p r e - e x i s t i n g r o c k s c o n t a i n i n g 
TABLE 1. CHEMICAL COMPOSITION OF PHOSPHORITES (AVERAGE OF 20 SAMPLES A T EACH LOCALITY) 
S.No. Locality P2O5 
% 
CaO 
% 
MgO 
% 
SiOj 
% 
AI2O3 
% 
FejOg 
% 
MnO 
% 
L.O.I. 
% 
CaO/PjOg SiOz/PjOg Proposed Classifi-
cation 
1. Jhamarkotra (A) 18.50 41.25 11 .25 
\ 
02.50 06.1 00.92 01.20 18.28 02.22 Phos- Limestone 
2. Jhamarkotra (B) 29.75 42.90 01.50 03.50 06.75 01.05 01.50 13.05 01.44 — Calc-Phosphorlte 
3. Jhamarkotra (C) 21.50 39.50 07.16 03.66 08.47 01.25 01.45 17.01 01.83 — Calc-Phosphorite 
4. Jhamarkotra (D) 28.50 45.30 01.40 05.45 08.75 00.86 01.95 07.79 01.58 — Calc-Phosphorite 
5. Jhamarkotra (E) 23.75 40.06 00.75 06.43 05.85 00.56 00.95 21.65 01.68 — Calc-Phosphorite 
6. Jhamarkotra (F) 33.50 43.11 01.54 10.50 06.50 01.50 01.20 02.15 01.28 — Calc-Phosphorite 
7. Jhamarkotra ( G - 1 8 7 5 45.50 08.75 07.35 05.25 00.50 00.35 13.55 02.42 — Phos-Limestone 
8. Jhamarkotra (H) 14.50 48.50 12.50 14.35 02.50 00.65 00.35 06.65 03.34 — Phos-Limestone 
9. Jhamarkotra (1) 20.50 46.50 13.40 15.50 03.40 00.15 — 00.45 02.26 _ Phos-Limestone 
10. Jhamarkotra (J) 16.00 52.50 18.23 10.75 01.20 00.12 00.15 01.05 03.28 _ Phos-Limestone 
1 1 . Jhamarkotra (K) 22.00 48.00 07.50 06.50 02.10 00.30 00.20 13.40 02.18 _ Phos-Limestone 
12. Maton 26.00 39.80 05.90 16.00 08.20 01.00 00.85 00.25 01.53 _ Calc-Phosphorite 
13. Kanpur 27.00 4-7.50 04.00 15.00 04.50 00.35 00.25 01.40 0 1 7 5 _ Calc-Phosphorite 
14. Oakankatra 18.00 35.50 11.55 07.56 02.50 01.50 - 23.39 01.97 — Calc-Phosphorite 
15. SIsarma 16.00 38.25 10.25 06.54 01.25 — — 27.71 02.39 _ Phos-Limestone 
16. Umra 12.50 35.25 15.15 10.35 01.25 02.50 01.35 21.65 02.82 _ Phos-Limestone 
17. Sallopat 17.35 36.50 12.25 07.50 02.54 00.55 — 23.31 02.10 — Phos- Limestone 
18. Ramkamunna 10.50 39.50 12.65 08.95 03.55 01.25 01.50 22.10 0376 — Phos-Limestone 
19. Pithoragarh 07.50 55.50 20.50 10.50 02.25 01.05 01.05 01.65 07.92 _ Phos-Limestone 
20. Haripur-Mardeora 39.50 30.50 01.50 20.50 04.50 01.25 01.20 01.05 0077 — Phosphorite 
21 . Jhabua 36.50 38.40 03.00 04.50 03.50 01.30 00.85 11.45 01.05 _ Calc-Phosphorite 
22. Birmania 12.00 46.50 07.80 05.50 04.30 01.55 00.15 22.10 03.87 _ Phos-Limestone 
23. Pahalgam 13.50 50.50 10.50 08.65 02.50 - 00.15 14.20 03.74 - Phos-Limestone 
24. Musoorle 26.00 41.50 14.50 0 2 7 5 03.50 01.50 00.15 00.10 01.59 - Calc-Phosphorite 
25. Shahbad 12.65 45.50 05.50 20.50 05.50 00.50 00.25 09.10 03.59 - Phos-Limestone 
26. Fatehgarh 10.50 25.50 09.65 10.60 02.50 01.50 01.50 03.25 - 03.47 Phos-Siliconite 
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t hese e l e m e n t s ( G r a n i t e s o r s i m i l a r r o c k t o g r a n i t i c su i tes i n 
m o s t o f t h e cases). U p w e l l i n g o f m a r i n e c u r r e n t s d u e t o 
t e m p e r a t u r e v a r i a t i o n s i n s u r f a c e o r deepe r w a t e r s o r d u e t o 
o t h e r e a r t h d i s t u r b a n c e s , b r o u g h t t h e p h o s p h a t i c m a t e r a l t o 
s h a l l o w e r , r e s t r i c t e d p a r t o f t h e d e p o s i t i o n a l bas in , w h e r e t h e 
b l u i s h g reen algae f l o u r i s h e d a n d b u i l t u p t h e i r c o l o n i e s in t h e 
h i g h p h o s p h a t i c m e d i u m . T h e a b r a d e d n a t u r e o f t h e p h o s p h a t i c 
pe l l e t s i n d i c a t e a f a i r l y h i g h e n e r g y e n v i r o n m e n t w h i c h b r o u g h t 
t h e p h o s p h a t i c m a t e r i a l t o a m o r e t r a n q u i l p l ace o f d e p o s i t i o n . 
T h e c o m m o n a s s o c i a t i o n o f c a r b o n a t e m a t e r i a l w i t h phos -
p h o r i t e s i n d i c a t e a change in E h a n d p H c o n d i t i o n s . P h o s p h o -
r i t es w e r e p r e c i p i t a t e d a t s l i g h t l y r e d u c i n g t o f a i r l y o x i d i z i n g 
e n v i r o n m e n t w i t h s l i g h t l y l o w e r p H ( 7 . 1 - 7 . 8 ) as c o m p a r e d t o 
l i m e s t o n e s ( p H > 7 .8 ) . R e p l a c e m e n t o f C a O a n d S i 0 2 b y P j O ^ 
a n d t h a t o f CaO b y M g O is a lso n o t i c e d in a l m o s t a l l t h e 
p h o s p h o r i t e d e p o s i t s . M g O i n m o s t o f t h e h i g h g rade phos -
p h o r i t e s r e m a i n s c o n s t a n t ( a r o u n d 2%) r e f l e c t s i ts c a t a l y t i c na-
t u r e in t h e c o n c e n t r a t i o n o f PjOb- R h y t h m i c i t y i n l i g h o l o g i -
cal association from a r e n a c e o u s - a r g i / l a c e o u s - p h o s p h a t i c t o 
c a r b o n a t e r o c k s i n m a j o r i t y o f t h e p h o s p h o r i t e d e p o s i t s i n d i -
ca tes g r a d u a l s u b s i d e n c e w i t h p e n e c o n t e m p o r a t e o u s d e p o s i t i o n 
in t h e bas in . A b s e n c e o r v e r y s l i g h t c o n c e n t r a t i o n o f P ^ O ^ 
i n m o s t o f t h e s t r a m a t o l i t i c c o l o n i e s as c o m p a r e d t o t h e h o s t 
r o c k also goes i n f a v o u r o f a n i n o r g a n i c p r e c i p i t a t i o n o f phos -
p h o r i t e s . 
C L A S S I F ( C A T ( O I M O F P H O S P H O R I T E S 
P h o s p h o r i t e s i n t h e c u r r e n t l i t e r a t u r e i n t h e w o r l d o v e r 
have v a g u e l y been used w i t h o u t a n y c h e m i c a l o r m i n e r a l o g i c a l 
p a r a m e t e r . T h e range is so w i d e t h a t r o c k s w i t h 1 0 % o f P j O ^ 
a n d 5 0 % o f P j O g have been c lassed i n t h e same c a t e g o r y . S u c h 
a g r o u p i n g c rea tes c o n f u s i o n fOr user i n d u s t r i e s , i n p l a n n i n g 
a n d p r o p e r e x p l o i t a t i o n o f t h e d e p o s i t . 
T h e a u t h o r o n t h e basis o f d e t a i l e d c h e m i c a l a n d m i n e r a l o -
g ica l s t u d i e s o f t h e p h o s p h o r i t e s d e p o s i t s o f I n d i a o c c u r i n g i n 
v a r i e d f o r m s , s t r u c t u r e s , l i t h o l o g i c a l assoc ia t i ons i n v a r i o u s 
s t r a t i g r a p h i c c o l u m n s n o t i c e d that most of the phosphorites 
are assoc ia ted w i t h c a r b o n a t e a n d s i l i ceous r o c k s . A s s t a t e d 
ea r l i e r t h e r e is a g radua l r e m o v a l o f s i l i ca o r CaO as t h e case 
m a y be w i t h t h e increase o f P jO^ . I t w a s t h e r e f o r e t h o u g h t 
p l a u s i b l e t o se lec t these t w o p a r a m e t e s i .e . C a O a n d S i O ^ as 
a m e a s u r e o f q u a l i t y f o r p h o s p h a t i c m a t e r i a l s o r p h o s p h o r i t e s . 
T h e p h o s p h a t i c s e d i m e n t s t h u s c o u l d eas i l y b e g r o u p e d i n t o 
v a r i o u s ca tego r i es o n t h e basis o f t h e r a t i os o f these t w o 
c h e m i c a l p a r a m e t e r s w i t h t h a t o f P j O ^ f o r c a r b o n a t e o r 
s i l i c e o u s assoc ia t i ons r e s p e c t i v e l y . T h e p r o p o s e d c l a s s i f i c a t i o n 
is g i ven in T a b l e I I 
L i m e s t o n e / S i l i c o n i t e 
L i m e s t o n e o r s i l i c o n i t e (s i l i ca r i c h r o c k s ) t h a t o c c u r i n 
a s s o c i a t i o n w i t h p h o s p h o r i t e s , w e r e c lassed as l i m e s t o n e s o r 
s i l i c o n i t e s in w h i c h C a O / P 2 0 g op S i 0 2 / P 2 0 g r a t i o is 1 0 0 : 1 t o 
5 0 : 1 , i .e. w h e r e P ^ O ^ c o n t e n t is u p t o 2%. 
TABLE 2. CLASSIFICATIONS OF PHOSPHATIC ROCKS 
S.No Rock Type Cao/PjOg Rock Type Si02/P205 Ratio 
1. Limestone 100:1 to 50:1 Siliconite 100:1 to 50:1 
2. Slightly Slightly 
Phosphatlzed 49.99:1 to 10:1 Phosphatlzed 49.99:1 to 10:1 
Limestone Siliconite 
3. Phosphatic Phosphatic 
Limestone 9.99:1 to 2:1 Siliconite 9.99:1 to 2:1 
4. Calc-Phospho- 1.99:1 to 1 : 1 Silico-Phospho- 1.99:1 to 1 : 1 
rite rite 
5. Phosphorite 0.99:1 to 0.5:1 Phosphorite 0.99:1 to 0.5:1 
S l i g h t l y P h o s p h a t i s e d L i m e s t o n e / S i l i c o n i t e 
I n t h i s c a t e g o r y f a l l s a l l t h e p h o s p h a t i c s e d i m e n t s h a v i n g 
C a O / P j ' ^ s r a t i o s i n b e t w e e n 4 9 . 9 9 : 1 t o 1 0 : 1 o r P2O5 is u p t o 
1 / 1 0 o f t h e C a O o r S i O j c o n t e n t . 
P h o s p h a t i c - L i m e s t o n e / S i l l c o n i t e 
C a O / P j O g - o r S i O j / P j O g i n t h e p h o s p h a t i c l i m e s t o n e / 
s i l i c o n i t e ranges in b e t w e e n 9 . 9 9 : 1 t o 2 : 1 . M a j o r i t y o f t h e 
I n d i a n , soca l l ed p h o s p h o r i t e s f a l l u n d e r t h i s c a t e g o r y . 
C a l c / S i l f c o / P h o s p h o r i t e 
T h e C a O / P j O g o r S i O j / P j O g r a t i o s i n t h e C a l c / S i l i c o -
p h o s p h o r i t e s var ies f r o m 1 . 9 9 : 1 t o 1 : 1 , i .e. t h o s e p h o s p h a t i c 
s e d i m e n t s in w h i c h C a O o r S i 0 2 is in b e t w e e n s l i g h t l y less t h a n 
d o u b l e t o e q u a l i n a m o u n t t o P 2 0 g be c lassed i n t h i s c a t e g o r y . 
M o s t o f t h e s e c t i o n s o f J h a m a r k Q t r a ( R a j a s t h a n ) , J h a b u a ( M . P . ) 
a n d M u s o o r i e (U .P . ) f a l l i n t h i s c a t e g o r y . 
P h o s p h o r i t e 
P h o s p h a t i c s e d i m e n t s in w h i c h C a O / i P j O g l ies in b e t w e e n 
0 . 9 9 : 1 t o 0 . 5 : 1 , i .e. t h o s e p h o s p h a t i c s e d i m e n t s i n w h i c h P O g 
has a n edge o v e r C a O o r SiO^ or in w h i c h P j O g is more tnan 
5 0 % s h o u l d o n l y b e c lassed as p h o s p h o r i t e s . S o m e p h o s p h a t i c 
b a n d s i n J h a b u a (M .P . ) f a l l i n t h i s c a t e g o r y . 
C O N C L U S I O N 
P h o s p h o r i t e s o c c u r r e n c e s i n I n d i a a re o f v a r i e d n a t u r e i n 
t h e i r l i t h o l o g i c a l assoc ia t i ons , f o r m s a n d s t r u c t u r e o f t h e d e p o -
s i t , m i n e r a l o g i c a l a n d t e x t u r a l C h a r a c t e r s a n d are d i s t r i b u t e d i n 
v a r i o u s s t r a t i g r a p h i c c o l u m n s . D u e t o t h e i r v a r i e d n a t u r e , o p i -
n i o n s a lso d i f f e r as regards t h e i r o r i g i n a n d m e c h a n i s m o f d e p o -
s i t i o n . S o m e o f t h e d i f f i c u l t i e s a lso ar ise d u e t o m o r e 
l i b e r a l i z e d use o f t h e t e r m p h o s p h o r i t e , w i t h o u t ass ign ing a n y 
c h e m i c a l o r m i n e r a l o g i c a l p a r a m e t e r . 
I n t h e p r e s e n t s t u d y t h e a u t h o r has t r i e d t o so l ve t h e p h o s -
p h o r i t e p r o b l e m , n a k i n g i n t o a c c o u n t t h e f o r m s a n d s t r u c t u r e s 
o f v a r i o u s p h o s p h o r i t e s , t h e i r l i t h o l o g i c a l , s t r o m a t o l i t i c , c h e -
m i c a l a n d m i n e r a l o g i c a l assemblage . O n t h e bas is o f w h i c h , a n 
a t t e m p t has a lso been m a d e t o v i s u a l i z e t h e e n v i r o n m e n t o f 
d e p o s i t i o n . C o n c e r n i n g t h e o r i g i n a n d n a t u r e o f d e p o s i t i o n t h e 
f o l l o w i n g c a n b e c o n c l u d e d . 
1. P h o s p h o r i t e s i n I n d i a o c c u r i n b e d d e d mass ive , g r a n u -
lar , p e l l e t a l , n o d u l a r , b r e c c i a t e d , p h o s p h a t i s e d she l l s a n d w i t h 
s t r o m a t o l i t e s , i n d i c a t i n g t h e i r d e p o s i t i o n i n s h a l l o w r e s t r i c t e d 
p a r t o f t h e bas in w i t h o c c a s i o n a l h i g h e n e r g y e n v i r o n m e n t as is 
e v i d e n c e d b y t h e a b r a d e d n a t u r e o f t h e p h o s p h a t i c p e l l e t s . 
2 . Presence o f p r i m a r y s e d i m e n t a r y s t r u c t u r e s l i k e cross-
b e d d i n g s , g r a d d e d b e d d i n g s , r i p p l e m a r k s , p o d m a r k s , dess ica-
t i o n c r a c k s , i n d i c a t e t i d a l t o i n t e r t i d a l f l a t e n v i r o n m e n t o f de -
p o s i t i o n t o these p h o s p h o r i t e s . A r e n a c e o u s , a r g i l l a c e o u s a n d 
c a r b o n a t e r o c k assemblage w h i c h is t h e c o m m o n c h a r a c t e r i s t i c 
o f m o s t o f t h e I n d i a n p h o s p h o r i t e s r e f l e c t s a g r a d u a l s u b s i d e n c e 
w i t h penecontemporaneous d e p o s i t o n i n t h e b a s i n . 
3 . C h e m i c a l ana lys i s o f t h e p h o s p h o r i t e s a n d associa-
t e d r o c k t y p e s i n d i c a t e t h a t i n a m a j o r i t y o f t h e cases S i 0 2 , 
P j O g a n d C a O w e r e b r o u g h t t o d e p o s i t i o n a l bas in b y t h e w e a -
t h e r i n g o f p r e - e x i s t i n g r o c k s l i k e g r a n i t e s , g ran i te -gne isses a n d 
p e g m a t i t e s . U p w e l l i n g o f m a r i n e c u r r e n t s b r o u g h t t h e p h o s p h a -
t i c m a t e r i a l t o s h a l l o w e r r e g i o n o f t h e b a s i n d u e t o t e m p e r a t u r e 
d i f f e r e n c e s a n d o t h e r e a r t h d i s t u r b a n c e s . T h u s t hese changes 
in t h e s h a l l o w e r p a r t o f t h e bas in a lso b r o u g h t a c h a n g e i n E h 
a n d p H o f t h e m e d i u m f r o m s l i g h t l y r e d u c i n g t o f a i r l y o x d i z i n g 
a n d a s l i g h t l o w e r i n g in p H ( 7 . 1 - 7 . 8 ) , r e s u l t i n g in t h e p r e c i p i t a -
t i o n o f P j O g A s l i g h t s u b s i d e n c e i n t h e b a s i n f u r t h e r gave r ise 
t o t h e d e p o s i t i o n o f l i m e s t o n e a t s l i g h t l y i nc reased p H ( m o r e 
t h a n 7 . 8 ) . 
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4 . R e p l a c e m e n t o f CaO and S i 0 2 b y P j O g and t h a t o f 
CaO b y M g O is also n o t i c e d w h i c h m i g h t have enhanced t h e 
p r e c i p i t a t i o n o f P j O g . In m o s t o f t h e r ich p h o s p h o r i t e s ( P j O g 
> 4 0 % ) , M g O rema ins c o n s t a n t ( a r o u n d 2%) . I t is i n t e r r e d t h a t 
M g O m i g h t have ac ted as a ca ta l ys t in t h e e n r i c h m e n t o f f j O g . 
T h e t o t a l absence o f P^Og in some o f t h e s t r o m a t o l i t i c co lon ies 
t h a n t h e m a t r i x o r t h e h o s t r o c k goes against suggest ing a b io -
gen ic o r i g i n t o these phospho r i t es . 
T h e t e r m p h o s p h o r i t e in t h e c u r r e n t l i t e r a t u r e has vague ly 
been used w h i c h c reate c o n f u s i o n t o al l c o n c e r n e d w i t h phos-
p h o r i t e s . A n a t t e m p t has t h u s been m a d e t o c lass i fy t h e phos-
p h a t i c sed imen ts o n t h e basis o f C a 0 / P 2 0 g de-
p e n d i n g u p o n t h e m o s t p reva len t c a r b o n a t e o r s i l i ceous asso-
c i a t i o n respec t i ve ly . _ 0 n t h i s basis t h e p h o s p h a t i c sed iments 
c o u l d be g r o u p e d i n t o f i ve categor ies, n a m e l y ( i ) l i m e s t o n e / 
s i l l con i t e ' ( i i ) s l i g h t l y p h o s p h a t i z e d l i m e s t o n e / s i l i c o n i t e 
( i i i ) p h o s p h a t i z e d l i m e s t o n e / s i l i c o n i t e ( iv) c a l c / s i l i c o p h o s p h o -
r i t e , a n d (v) p h o s p h o r i t e . 
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13. HYOROCHEMISTRY AND . ImW. S. U.> OeputmeM of 
ITS RELATION TO HUMAN QtAotr, M ^ m 
DISEASES Uiiiv«»ity. AliOAKii. 
i i'l^ y '^cs o f 'ocks lh*at . fnnn geologic units in the earth's crust 
supply most o f i b e raw inateriats rrora Vvhich soils are formed and 
from which water derivci; its inorganic constituents, besides poUuttoin 
from extraneous sources. The composition of what we eat and 
drink thus depend in part upon the con^position'of the source rock 
•lid environmental conditions. 
The present study deals with the chemistry of rocks, soils and 
other polUitions supplied through, extraneous sources in the area, 
ft it also sugge5sted that the chemistry of rocks, soils, i^ants and 
water in • particular ecosystem may be casudly related either 
directly or indirectly to the occurrence of animal and human 
4iaMiaet. 
1 2 
A ^^ 
School 
\ vy* < 
' MIW 
t4 EoTironi i i fentalpoHutlof i -caoses Rod cff«: ls*on 
of w a t e r b o d i e s In Mnxa l f f a f i i a sa r , V P 
S.M. ISRAILI' 
Oeohgy Department, Aligarh Kfuslim University, Alfgnrk 
I 
The area under study lies in the G.tnga-Ysmuna < doab 
tfompoMd mostly of fndo-gangetic alluvium with ahernating'sand, 
lift, clay, kankar and occassional gravel bands situated in beiween 
latitude 29" 1 r and 29" 43' North and longitude 
Sort. Sand bodies are the main source of ground water,where it .ilies 
under confined to semi confincd to semi confined conditions. - „ • 
Diie to tremendouie industrial activity in this region result* 
{ng in more effluents, atmospheric pollution is increasiiig with alarm-
ing rftte causing more incorporation of pollutants in rain, surface 
and subsurface water bodies in the district. Chemical anylysi.® of 
these water bodies from various parts of the district for the last 
three years (1976-78) indicate a systematic increase in pH (2-5%, 
2-15% and 2-10%), TDS (2-8%, 5-15% and 2-!0%n chlotides 
<r-8%. 2-14%, and--10%), SO4 (0-i3%, 5-20% and 7-16%) and 
miin^ of tM traoe elcjfleots Uke,Fe(0-l0%, 5-20% sasd - 2*10%)/ 
(- ^ -7% and l-th 5%); Cr(0-0, 5%, 0-7% and 0—5%S Ctt1|©-Vt«% 
0-1% and 0-0. 75%) Zn <0-0. 5%. 0-7% and 0-5%^ Pb .((>7^%. 
and 0-5%) and in rare erirths like strontium and Jitbtum 
<0 1-5%, 0-3, 0% and 0-1.5%) in rain iiurface and underground 
water bodies respectively at a few localities, such an increase in the 
concentration of-lamw of ihrse «U»nenti if goes unabated, will 
adversely eflcct the growth of plants and health of animals in one 
of itk: most fertile regions of tljc state. Even today in most of these 
villages the amount of trucc elements is more than WHO limits, 
ffl»kiag the water unfit for drinking purpose;.. 
I 23 ] 
It h«s al»o been observed that places where indintriRl 
activity is vigorous or fail io t N wind direction (E-W) of the indih 
(trial complexes, the rate of concentration of both major and trace 
elements is more as compared to feabJy industrialized townships oi 
those that do not fall in the wind direction of these complexes. Soils 
of highly fertile tends at places indicate an increasing trend in potas' 
sium and salinity content which has also been rcOected in their 
ground water bodies. 
It is therefore suggested that a proper check on industries 
lie made in order to safeguard the atmosphere from further poliution. 
The hydrological conditions in some parts of the district where there 
k an over draft, the concentration of these traces is more than the 
under>draft. regions. In Such arens it will be advisable to avoid 
further industrial growth whi^h might emanante injurious affluents 
and thus further aggravate the pollution problem. A check on proper 
manure'application^ irrigation pattern and crop rotation is alsa 
^sentiai to control further increase in salinity of the soils and 
proper utilzation of potassium rich undeaground waters. 
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TKACE ELEMENT GEOCHEMISTRY OF WATER BODIES IN WESTERN UTTAR 
PRADESH A N D ITS IMPACT O N REGIONAL BIOLOGY 
S. H . ISRAILI 
Department of Geology, Aligarh Muslim University, Aligarh-202001 
ABSTRACT 
The present study deals with the hydrogeological conditions, chemical composition 
of the water bodies in a particular eco-system, their influence on regional biology and to 
suggests measures to check the efTects of pollution. The area under study lies in the upper 
Ganga-Yamuna doab, covering the most fertile part o f the ganga basin, besides enormous 
industrial development. The terrain is supposed to have the best ground-water reservoirs of 
the world, where ground water occurs under water-table, perched and under confined 
conditions. The potential granular zone lies in a depth range of 220 m. to 380 with a 
discharge between IGQ and 300 m/hour. 
The water in this region varies from moderately hard ( p H < 8'2), bicarbonate type 
( p H < 7-9) to saline water with high content of total dissolved solids and iron. Besides 
some of the major elements such as SO4, CI, HCO3, Si, Fe, Ca, Mg, Na, and K, the under-
ground water also contain Vd, Cu, Ni , Pb, Mn, Sr, Cd, Co, Zn, Ag, Al, and Mo, in traces, 
whose frequency of occurrence varies from place to place, depending upon the nature 
of soil and environmental conditions. Notable effects of these trace elements on plants and 
animals have also been reported. 
It is, suggested that a periodic Geochemical study of our soil and water is 
essential in order to ascertain the quantities of trace nutrients, they contain. This could then 
be used as a basis for drawing up the best possible plans for fertilizer application. Such stud-
ies will also help to find out the probable source of pollution and their remedial measures. 
I N T R O D U C T I O N 
The different rock types that jnake up the greater part of the earth's near surface 
outer crust, are the ultimate source of most of the ingradients of soils and inorganic 
constituents of water. The composition of what we eat and drink thus depends in part upon 
the composition of the source rocks. The chemistry of rocks, soils, plants and water in a 
particular eco-system may be casually related, either directly or indirectly, to the occurrence 
of animal and human diseases. Hence, the geochemical environment under the influence of 
which such diseases occur, is chiefly controlled by the qualitative as WQII as quantitative 
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distribution of certain noxious chemical elements in various rock types of the substrata. 
Major or minor amounts or traces of these elements enter into soil and water during 
prolonged weathering of the rocks and are partly absorbed by plants that grow in the area. 
The variance in trace element content from optimum levels of availability in different geographic 
environment is controlled by a combination of geologic and climatic conditions. Whenever, the 
distribution of both major and minor elements is not in equilibrium to the normal human 
system, the geochemical environment may be considered as related to human diseases. 
Natural water samples also contain elements in traces, like vanadium, copper, nickel, 
lead, manganese, strontium, cadmium, cobalt, zinc, silver, aluminiun, molybdenum, etc, The 
occurrence of these elements vary from place to place and depends on a number of variables. 
It is now well-known that the abundance of some elements and the deficiency of others, 
significantly effect not only the growth of plants but also the health of human beings and other 
animals using the water. 
The probable source of artificial or industrial pollution in this study region are the 
wastes which may be (a) chiefly/partly mineral (b) chiefly/partly organic, (c) radio-active 
(expected to be added when the Narora Atomic Power Station in Bulandshahr district is 
commissioned in near future) and (dj animal. 
Keeping all these anomalies the author is of the opinion that a detailed geochemical 
study of the surfacc and sub-surface water bodies is of utmost importance both for agricultural 
productivity and human health. Such studies coupled with the chemistry of rocks, 
sediments and soils that serve as host bodies to the water in question, may help in the 
reclamation of a major portion of the saline soils of western Uttar Pradesh. It may also lead to 
the classification of soils according to their grade of productivity and saline content. Ground-
water quality, depth to water tnble, potable and non-potable, water for agricultural, water-
ing cattle and human consumption could also be demarcated. In areas where both saline and 
fresh water occur, the blending technique may be utilized and thus the water so obtained can 
be used for irrigating some strongly or feebly salt resistant crops. 
The present paper deals with the hydrogeological conditions and the significance of 
various trace elements present in both geologic or natural environment and artificially added 
ones in the waters of these areas, and suggests measures for the better use of these water bodies 
both for human and agricultural purposes. It is, therefore, essential to have some intimate 
knowledge of hydrogeology and nature of various water bodies based on their chemical quality, 
width and depth of occurrence and quality available for utilization. 
HYDROGEOLOGY 
The area under study lies in the upper Ganga-Yumuna doab and covers the most 
fertile part of the Ganga basin The terrain is considered to possess one of the best ground-
water reservoirs of the world. The state of Uttar Pradesh has been divided into the following 
five hydrogeological zones (4), based on physiography and hydrogeology ( Table-1 ). 
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TABLE-I 
HYDROGEOLOGICAL ZONES OF UTTAR PRADESH. 
Zone Sub-zone 
1. Himalayas (i) Lesser and central Himalayas 
(ii) Sub-Himalayas or Siwalik 
2. Intermontane Doon Valley 
3. Alluvial tract (i) Bhabar 
4.' Vindhyan terrain 
5. Bundelkhand granitic terrain 
(ii) Tarai 
(iii) Central Ganga Alluvial Plain 
(iv) Marginal Alluvial Plain 
DOON VALLEY 
It is a spindle shaped tectonic valley which is underlain by unconsolidated sediments 
that comprise various types of gravels and intercalated sands of various grades and clays. 
Ground-water occurs under water table, perched and confined conditions. The 
granular zones lie at depth of 24 m. and 139 m., depth to water table ranges from 22 m. 
to 76 m. and discharge varies from 50 to 180 m^hour for draw downs varying from Q•^  m. 
to 8-5 m. (5). 
ALLUVIAL TRACT 
The Alluvial tract is considered to be the most important from the view point of 
ground-water resources of Uttar Pradesh in general and this region in particular. It is under-
lain by unconsolidated sediments dating from Pliestocene to recent age. This tract may be 
divided into four sub-zones. 
(a) Bhabar—It is composed of unassorted gravels, sands and intercalated clays. 
Saturated granular zones comprising of boulders, to sand and clay sized fractions, occur bet-
ween 140-150 meters below the surface. The gravels are generally composed of pebbles or 
cobbles of quartzites, granites, sandstones and slates. 
Ground-water occurs under water table conditions, under 30 meters or below 
the ground level. The discharge of the tube-wells varies from 97 to 227 m^hour for draw 
down between 2'68 meters, and 0'68 meters. 
(b) Tarai—A zone of clays intercalated with coarse sand and gravel lies more or 
less parallel at the southern margin of the Bhabar. Sand and fine grained gravels that serve 
as good water bearing meterials occur at the depth range between 25 meters and 298 meters. 
The piezometric head in the flowing wells of this horizon ranges between 6-63 m. 
and 8 92 rn- above ground-water level. In the non-flowing wells, it ranges between 1 5 5 m. 
^nd ) 1'34 m. below ground level. Most of the tube-wells constructed in this region register 
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a free flow, ranging in between 80 to 210 mVhour. In the non-flowing wells, the discharge 
varies between 2 to 8 meters. 
(c) Central Ganga Alluvial plain—The southern limit of the Tarai zone is marked by 
a wide zone of alluvium which is composed of gravel, sand, silt, clay and kankar. It lies 
between Yamuna and Ganga, and extends upto their confluence in Allahabad which marks 
the limits of this zone. The demarcation between grave], sand, silt, clay and even Kankar is 
neither smooth nor uniform. Lenticles of one in another are the common features of this 
sub-zone. The major portion of the area under study is covered by this zone. 
Ground-water in this zone occurs under unconfined conditions in surface or near 
surface aquifers and under confined conditions in deep water aquifers. This is -the region 
where ground water occurs at deeper level, but it is very little exploited as compared to its 
immense storage and ease of availability. 
Sub-surface geological studies indicate a thickening of the alluvium from West to East. 
According to seismic refraction studies done by O. N. G. C. ( i ) the depth of alluvium near 
Raya in Mathura district (the western most limit of the area under study) has been reported to 
be around 220 meters. Its depth increases gradually towards the East and near Hathras 
(district Aligarh), it occurs at 260 meters. In a recent drilling by C. G. W. B. (5) for a deposit 
well at Aligarh, the Vindhyan shales were encountered at a depth of 379 meters. Subsequently 
granite was encountered at a depth of 500 meters at Panki in Kanpur district that disproved 
the earlier estimation of around 2000 meters of alluvium. At Kurni, district Jaunpur, the eastern 
limits of the State, granite basement has been reported to occur at a depth of 538 meters. It 
indicates that the maximum depth of potential aquifers in this region varies in between 220 and 
380 meters, and water occurs under free to confined and semi-confined conditions. Depth of 
water table from the ground level ranges between 2 to 12 meters and the discharge between 
100 and 300 m^/hour for draw down of 6 to lo meters. 
(d) Marginal Alluvial Plain—This is a region occupied largely by the Bundelkhand 
gneiss and the Vindhyan rocks of silt, clay, kankar and of sands of various grades, compose 
the sediments. In this zone ground-water occurs both under confined and unconfined 
conditions. 
In western Uttar Pradesh this type of marginal alluvium occurs at the western most 
margin of the region where Vindhyan rocks are exposed at a depth ranging between 220 to 280 
meters (Raya at 220 m. and Susir Kalan at 280 m. both in Mathura district). In Naujhil area, 
the depth of bed rock has been reported to be between lOO and 150 m. on the basis of geo-elect-
rical soundings (8). In the tube well constructed in this zone, the depth to water table varies 
between 5 and 25 meters below ground level with a discharge ranging in between 50 and 
230 m®/hour for draw down from 4 to 15 meters. 
HYDROCHEMISTRY 
The chemistry of the surface and sub-surface water bodies of western U. P. is very 
little known. Only cursory remarks have been made on the distribution of major elements of 
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these waters. Practically there is very Ihtle or no information available on the trace or minor 
elemental concentration in these water bodies. 
In general, the quality of ground-water in this region is not uniform. Sporadic occur-
rence of sHine "pockets have been reported in between fresh water bodies. At places, the 
salinity is quite high (viz., Bharapur in Agra and Naujhil in Mathura districts where chloride 
concentration goes upto 1900 ppm). Water in some of the deeper aquifers was found to be of 
better quality with chloride content less than 250 Ppm. In the marginal alluvial plains of 
Agra, Mathura, Aligarh, Etah and Mainpuri districts, saline pockets are common, where the 
chloride concentration varies between 250 PPm to over 15 ppm (5). 
The water in this region may broadly be classified into three categories based on their 
chemistry and depth of occurrence. 
1. Moderately hard—It generally occurs between the depth range of 100 to 150 m 
from ground level. It is characterised by low total dissolved solids ( 1000-1150 mg/l ) and 
chloride ( > 2 5 0 mg/i ). Slightly alkaline (pH. 7-2-8-4) with a SAR value for majority of 
samples less than 2'5, on the average, rarely exceeding IS'O and iron content is little higher 
than what is required for domestic and industrial consumption. 
2. Moderately soft or bicarbonate type—It occurs mostly in the near surface aquifers, 
with depth not exceeding ten meters. Such waters are feebly alkaline (PH. 7'3-7'9)> contain 
low total solids (lOOO mg/l) and chloride « 250 mg/i) but more iron (l-Q mg/l) content. 
3. Brackish or saline water—In the marginal alluvial plains and at places of shallow 
depth in the districts of Agra, Aligarh, Mathura, Etah and Mainpuri, water with chloride cont-
ent varying in between 250 to over 1900 PP™ occurs in pockets, pose problems for exploita-
tion. These waters are characterised by high content of total dissolved solids (2000-3500 mg/l), 
and high iron (upto 20-0 mg/l) content. 
As stated earlier the ground-water of this region has been analysed mostly for SO4, 
CI, HCO3, Si, Fe, Ca, Mg and Na. The natural water also contains trace elements like vana-
dium, copper, nickel, lead, manganese, strontium, cadmium, cobalt, zinc, silver, aluminium 
and molybdenum. The occurrence of rare alkalies viz. lithium, rubidium and cesium has also 
been reported in under-ground waters (2) and in natural waters (3, 9). The occurrence of these 
elements varies from place to place and is dependent on a number of variables. The higher 
concentration of some and deficiency of other elements affect significantly the regional biology. 
Notable effects of the most important trace elements as outlined by Schmitt (6) are 
as follows. 
The Trace element Boron—It is particularly important for the growth of plants. 
Acute shortage of this element causes the much feared heart and dry rot in root crops, the 
glassiness or brown disease in swedes and turnips and yellowing of the tips of flax. 
Boron deficiency has also been observed in vines, plums and similar fruits, cauliflowers, carrots, 
tobacco and lucerne. It has been estimated that Boron through leaching lies between 15 and 
a maxium of 150 gm per hectare. 
Boron, which is active as the boric ion in boric acid (H3BO3), is controlled by the 
water budget and if there is drought its vital supply to water is cut off. The carbohydrate and 
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protien balance is upset in plants suffering from protien deficiency. Excess will be harmful 
to them. In the waters of this region; Boron varies from 0'5 to 2"5 ppm. High content of 
Boron is noticed near the industrial townships like Ghaziabad ( 2"5 ppm ) and Agra 
fr5-2-5 ppm). 
The trace element copper—It is essential for both animals and plants. Crops 
especially sensitive in this respect are yellow and white oats, barley and wheat. Grain crops 
suffering from copper deficiency can be identified by an excess of straw in relation to the grain-
yield. The greater the copper deficiency, the lower the grain yield. Green vegetables, sunflo-
wers, themp, swedes, potatoes, grass and wood-land trees suffer through chlorophyll defects, 
leaf yellowing and general delay in the maturity of plants. An average yeild takes between 50 
and 80 gm of Cu per hectare a year from soil. The leaching loss on the average is 15 gm 
sometimes it may reach 40 and 50 gm per hectare. It is taken by plants either in solution from 
the soil, or through base exchange. 
Copper is also important for animals. Its deficiency in fodder may bring about 
pathological symptoms taking various forms. Sieblod (7) demonstrated that an average mixed 
diet gives a man a copper intake in between 2 and 6 mg. Copper in these water bodies on an 
average is below 5 ppm but in waters near Aligarh and Ghaziabad, it goes upto 15 ppm. 
The trace element manganese—Oats, barley and wheat are the crops that suffer most 
due to the deficiency of manganese in the soil. These are prone to leaf withering diseases due 
to the deficiency of manganese. Under average conditions and a norma) rotation, the manganese 
loss through harvesting is in between 300 and 500 gm per hectare a year. Leaching losses are 
put between 150 and 300 gm per hectare a year. 
In the animal world Mn acts as an oxidation catalyst. It stimulates the fermentation 
which breaks up fats and starches and also activates phosphates an important integrating agent 
for various enzymes. The deficiency in animals is caused by lack of Mn in fodder, which should 
be at least 50 mg per kg. of dry mass. Its over dose sometimes cause symptoms of poisoning. 
In the under-ground waters of the area under study the manganese content is poor excepting 
some low lying areas near Agra and Meerut districts where its content goes upto 10 ppm. 
The trace element zinc--It is important to a large number of crops such as fruit trees, 
citrus, tomatoes, vines and maize. It plays an important role in fertilization and on the work-
ing of the harmones in animals. Zircon in these water bodies varies with depth. In shallow 
water aquifers it ranges from 1'5 to 9 ppm, whereas in deep water aquifers it is below J-Q ppm. 
The trace element molybdenum—Molybdenum is absorbed by plants in varying quan-
tities as an anion in the form of molybdenate. The absorption process is hifidered by SO4 ionS 
but encouraged by phosphate ions. It is required by plants for nitrate reduction. A molyb-
denum deficiency results therefore in nitrate enrichment. This also causes a reduction in the 
vitamin C (ascorbic acid) content of tomatoes, cabbagcs and sugar-beet. The effected crops 
are fed molybdenum, the vitamin-C content rises in a few days and chlorophyll productioh and 
general growth are also stimulated. 
Soils in which molybdenum content is too high can produce fodder v^hich is darhag-
ing to cattle, especilly when the critical toxic limit for cattle of 10 Mg, Mo per kg of fodder is 
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exceeded. In human pathology symptoms of molybdenum deficiency have so far not been 
observed. The daily requirement of Mo has been estimated at 2-3 mg., however an arbitrary 
iricfeale in Mo intake could be risky. In most of the water samples analysed, Mo is found 
to be less than i.o ppm. 
The trace element cobalt—It is a vital element in the formation of vitamin B„, which 
contain 4% Co and is an important component in the structure of animal protein. According 
to recent researches cobalt deficiency is the cause of sleep sickness in sheeps and it can be cured 
by daily dosage of O'l mg- in the form of cobalt chloride or cobalt sulphate. 
In waters of this region the cobalt content varies in between 0-45-3'5 ppm excepting 
Aligarh and Ghaziabad, where its content is reported as high as 7-5 and 10'25 Ppm respectively. 
CONCLUSION 
The area of present study lies in the upper Ganga-Yamuna doab and covers the most 
fertile part of the ganga basin which is supposed to possess one of the best ground water 
reservores of the world. Ground water in this region occurs under water table, perched and 
under confined conditions. The potential aquifer zone lies between the depth range of 220 to 
380 meters and the depth to water table from ground level ranges from 2 m- t o 12 m. The 
discharge of water varies from lOO to 300 m^/hour for drawdowns varying from 6 to 10 meters. 
In general the quality of ground water in this region is not uniform. Sporadic occur-
rences of saline pockets in' between fresh water bodies have also been reported from a number 
of places. On the basis of their chemistry and depth of occurrence the water in this region is 
classified into (a) Moderately hard-low total dissolved solids, slightly alkaline (pH, 8 2), iron 
content slightly more than prescribed limits, (b) Bicarbonate type-feebly alkaline (pH, 7-9), 
low total solids (c) Brakish or saline water-occurs in pockets, high content of total dissolved 
solids and high iron content. 
The under ground water of this region, besides some such major elements as SO^, CI, 
B, F, HCO3, Si, Fe, Ca, Mg, K and Na, also contain vanadium, copper, nickel, lead, manganese, 
strontium, cadmium, cobalt, zinc, silver, aluminium and molybdenum in traces. The occur-
rence of these elements vary from place to place depending upon the nature of the soil horizon. 
Their abundance or deficiency effects significantly the growth of plants and animals using such 
waters. Notable effects of these trace elements have been reported by Schmitt (6). Boron 
deficiency in plants, for example, create dry rot in root crops, brown diseases in sweedes and 
turnips, besides upsetting the carbohydrate and protein balance in many plants. Similarly the 
deficiency of copper, manganese, zinc, cobalt and molybdenum etc., have also their significant 
effects on many plants and animals as cited elsewhere. In many parts of western Uttar Pradesh 
the concentration of many of the metallic elements is quite high than the WHO limits. Such 
•waters require some sort of chemical treatment before they could be recommended for potable 
purposes. 
The application of trace elements as well as of micro-elements for aiding plant 
growth ought to be accompanied by the systematic studies of our soil and water so as to 
ascertain the quantities of trace nutrients they contain. This could then be used as the basis 
for drawing up the best possible plans for fertilizer application. 
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The variance in trace-elements content from optimum levels of availability in different 
geographic areas is controlled by a combination of geologic and climatic conditions. When-
ever, the distribution of both major and minor elements is not in equilibrium to the normal 
human system, the geochemical environment may be considered as casually related to human 
diseases. There is a definite relationship between particular element and diseases and these 
have now almost certainly been established. Keeping all these factors into account, the author 
is of the opinion that a periodic geochemical study of surface and sub-surface water bodies of 
this region is of prime importance so that remedial measures from pollution effects could be 
taken and to classify the water for drinking, watering catties, plants and industrial purposes. 
ACKNOWLEDGEMENTS 
The author is indebted to Prof. S. H, Rasul, Head, Department of Geology, Aligarh 
Muslim University, Aligarh for critically going through the manuscript. The author is also 
thankful to his colleague Dr. Syed Iqbal Hasnain for many fruitfull sessions of discussion. 
REFERENCES : 
1. Datta , A. N. , Singh, C. L. and Vardharajan, S., Seismic reflection and refraction survey in M a t h u r a -
Hathras-Badaun Bareilly and Pilibhit areas of U. P. , O . N. G. C., Dehradun (un-published report) 1 9 5 9 . 
2. Gaumat , M . M. , Sahgal R. K. , Bhatia, S. S. and Handa , B. K. , Occurrence of rare alkali ions in 
natural waters of Uttar Pradesh, 125 th Anniv. Geol. Surv. Ind. Section-VI, Lucknow, 1 9 7 6 . 
3. Handa , B. K. , Geochemistry of thermal spring waters in India. Inter. Symp. Geochem., Patna, 1 9 7 3 . 
4. Pathak, B. D. , Water resources of Ut tar Pradesh, Seminar on Second Ut ta r Pradesh Gandhian Institute 
of studies, Varanasi, India, 1 9 7 4 . 
5. Pathak, B. D , Vankatesan, S., & Bhattacharya, S. G., Recent findings of ground-water exploration in 
Ut tar Pradesh. 125 th Anniv. Geol. Surv. Ind. Section-I, Lucknow, 1 9 7 6 . 
6. Schmitt, L. , The maintenance and improvement of soil fertility through the application of Macro 
elements and trace elements. 
Nat . Resour & Develop. Vol. IV. 1 9 7 6 , 3 0 - 4 5 . 
7. Siebold, M. , The trace element requirements of H u m a n beings. Land wirtsch. Forsch., lb sp. Publ . 2 7, 
1 9 6 2 . 
8. Singh, G. L., Delineation of suitable aquifers and sweet-salt boundaries in Naujhi l area, U . P. , India, 
using geoclectricalsousndings. 125 th Anniv. Geol. Surv. Ind. Section-I, Lucknow, 1 9 7 6 . 
9. Soman, S. D , Pandey, V. K . & Joseph, K. T . , Mineral content in some drinking water supplies in 
India, AEET/HP/Survey, part-I 1 9 6 6 , p. 7. 
Science and Environment, Vol. I, No. 1 Jan. 1979 
CONTENTS 
Nawab H. Khan—Bioenvironmental control of pest populations Editor's page 
A. K. M. Ghouse, Anwar Z. Amani & Muhammad Iqbal—A gorgeous marathon 
innings of an Indian Botanist ends 1 
Muhammad Iqbal—Impact of anatomical research on some botanical concepts 5 
S. H. Israili—Trace element geochemistry of water bodies in Western Uttar Pradesh 
and its impact on regional biology 11 
Kamaluddin—Chemical evolution and primeval seas 19 
S. H. Rasul—Concept of environment and activities of the United Nations 23 
M. Q. Rafiq, F. Ghani & M. R. Khan—Correlation techniques in the diagnosis of 
bundle branch blocks 31 
Om Prakash Raghuvanshi & Nawab H. Khan—Effects of Chemosterilants on the 
reproductive ecology of Culex fatigans 39 
J. K. Sahgal—Fish fauna and relative abundance of various species of fishes in the 
Upper Ganges Canal, Kasimpur, Aligarh 45 
G. S. Miranpuri—Some biological observations on parasitic stages of one host cattle 
iidk., Boophilus microplus {Cduntsinm) 49 
Devinder Kaur & Usha Kiran-Cranial kinesis and its correlation with the loss of 
the middle ear in Natrix piscator 53 
Shama P. Siddiqui & Saeed A. Siddiqui—The development of gametophytes in 
Hymenodictyon excel sum wail 61 
V. P. Mital—Effect of crowding on the fecun Jity of Chrotogonus trachypterus Blanch 
(Orihoptera : Acrididae) 65 
Anwar Z. Amani. Khalid K. Khan, S. H. Zaidi & Ahmad H. Khan—Disease of 
Coccinia cardifoHa Linn, incited by air pollutants 69 
M, S. Teotia—The extension of cardiac muscle in large veins of a bat, Rousettus 
leschenaulti 73 
Mohd..Furqan & Ziauddin Ahmad—Growth and development of leaf in Bougain-
villea special His W\\\6. 79 
V. N. Capoor & V C. Srivastava—On a new cestode, Crepidohnthriwn tripudicmu't n. 
sp., of the Subfamily Ophiotaeniinae Freze, 1963, Family Ophiotaeniidae 
Freze, IQ63 from the Cobra M v / a f r o m Allahabad (India) SI 
Saeed A. Siddiqui, Raisuddin Ahmid, Faiq A. Khan & Saeed Ahmad -Effect of 
gamma rays on germination, seedling growth and epidermal tissues of Phaseolus 
mungo L 85 
Meena—Ecological effects of starvation on the reproductive potential of Musca 
domestica nebulo Fabr 91 
S. A. Chaghtai & V. V. J. Siva Prasad—Effect of some chemical and physical 
mutagens on seed germination of Capsicum anmum L 95 
Bader Iftekhar—A note on the application of Dyar's law to verify different larval 
instars in Epilachna vigintioctopunctata 97 
Shamima Hashmi & Pervaiz R. Khan—The extent of apical elongation in the 
secondary phloem fibres of Peltophorum Drypetes 99 
Ranjana Saxena & A. P. Tyagi—Effect of Mercuric chloride on the phosphatases 
in the accessory respiratory organs of Heteropneustes fossilis 103 
Ramesh Chandra & V. P. Mital—New record of a parasitic mite, Podapolipus sp. 
(Acarina : Podapolipidae) on Chrotogonus trachypterus Blanch..... 107 
M. Shafiq Ansari—Laboratory studies on the bionomics of Sitophilus oryzae Linn 109 
Dhirendra Prakash, Veena Pant, Akhtar Noor & Abdul Rasheed Ansari—Studies 
on rhizosphere mycoflora of some ornamental plants I l l 
Syed H. Abidi, Pervaiz R. Khan & Reshma Kazini—Effect of some acute doses of 
gamma-irradiation on the secondary xylem development in flax 113 
SCIENCE A N D ENVIRONMENT 
[Biannual Journal Jan. & JiUy] 
INSTRUCTIONS TO AUTHORS 
—-Manuscripts in dupl icate should be typed, double-spacedl th roughout , t i t le, foot mote, tables, legends, l i terature 
references, etc. on one side of good whi te paper with a margin of 2-5 cm on either side. 
— P a p e r s may be accompanied by illustrations, photographs, diagrams, etc. in black/white are to be referred to 
as ' f ig ' or 'figs' should be numbered accordingly as they arc ment ioned in the text. 
—-Tables should be on sepapate slieets and their position in the text indicated suitably in the marg in , in iak . 
— O n l y metric system should be used for meastires and weights. 
— E a c h paper should generally include the fol lowing coraponents : 
(a) Ti t le , Author ' s n a m e (both in block letters). Address. 
(b) A b s t r a c t : Every paper must be preceded b y an abstract of not more than 2 ftO words. T h e abstract 
should contain the scopc of the work and the principal findings of the paper . 
(c) Text : T h e text should be divided into sections each with a separate heading (headings in capial letters) 
normal ly begining with ' In t roduc t ion ' and ending with 'Discussion' . Care should be taken for g r a m m a r 
and punctuat ion. Avoid repetitions and unnecessary sentences. 
(d) References in the text should be cited by au thor ' s n a m e and reference n u m b e r or only reference 
n u m b e r e. g. Sehgal ( 1 2 ) or ( 1 2 ) . References to l i terature a t the end of the paper should be ar ranged 
alphabatical ly. T h e references m a y be typed as shown below : Sehgal, J . K . , Fish and fisheries of 
Aligarh with notes on the fish catches. J . In l and Fish. Soc. Ind ia , 5 ( 1 9 7 3 ) 2 7 . 
Abidi , S. H . and A. K M . Ghouse , Pollen fertil i ty percentage in L i n u m usitatissimum L. V a r . Nee lum 
with respect to di f ferent acute doses of g a m m a rays. Acta Botanica Indica (Suppl.) 5 ( 1 9 7 7 ) 2 7 . 
— L e g e n d s to illustrations should be on a separate sheet and never in the figures themselves. Drawings should be 
m a d e in India ink on white board or t rac ing paper and should stand reduction to at least half . Photographs 
should be glossy with strong contrast. Cost of the blocks (if any) will be borne by the au tho r , in advance. 
— M e n t i o n ti t le and au thor ' s n a m e on the back of each d iagram/photograph with pencil . 
—Manusc r ip t should not exceed 20 double spaced type wri t ten pages. 
—Repr in t s : 1 0 reprints will be supplied free of charge. T h e cost for each set of 25 reprints wil l be charged in 
advance and is as under : 
1 to 5 pages Rs. 2 5 / -
6 and above Rs. 5/- for a set of 25 reprints for each addit ional page above five. 
Ment ion the number uf reprints required while sending manuscript . 
— T h e manuscr ip t can be sent directly to the Edi tor - in-chief , M u n i m a M u n i m , W a h i d M a n z i l , Civil Lines, 
A L I G A R H - 2 0 2 0 0 1 (U. P.) India . 
— I n case of any complaint regarding non-delivery of the journa l , please refer to the Circulat ion M a n a g e r , 
Razia , Wahid Manzi l , CUvil Lines, A l i g a r h - 2 0 2 0 0 1 . 
S O M E OF THE FORTHCOMING PAPERS 
1. Shii jauddin—An il luslratrd account of Niobium ipectra. 
2. R . Swai u p — T h e theory of mult ipeak Ampl i tude Distribution of an electromagnet ic wave rcftected f i o m 
the quanli/.ed layers of ionospheric Plasma. 
3 . Amar Singh - The Envi ronment and man . 
4 . S. A. Chagluai and Zia-ul-Hasaii—Pollen Fertil i ty in Lens esculeiUa L. as inlluenced by certain Alkylating 
Agents. 
5 . D . K a u r and Neena M a h a j a n — T h e morphology of Blood of House Gecko from the areas of P u n j a b with 
Special Reference to the variat ion in N u m b e r of Red Blood cells, Hoemoglobin and Hematocr i t value. 
6 . V . C . Srivastava—Cestode fauna of Birds In Ind ia . P a r t i . Anioebolaenia gajlusiana n sp., (Cestoda; 
Dilepididae, Rail l iet et H e n r y 1 9 0 9 ) f rom the D o m e s f c fowl, Galliis galhis (Linnaeus) f rom Al lahabad. 
7 . N a m i t a Tyag i and H . N . Eai ja l—Collembola Infesting H u m a n Dwellings. 
8 . S. T . Ti lak and S. P. Bhalke—Incidence of Insect Parts in the Air-Spora of Aurangabad . 
Reprinted from the 
Recent Researches in Geology (Volume 3) 
"A COLLECTION OF PAPERS IN HONOUR OF 
PROFESSOR I . C . PANDE F . N . A . " 
STATISTICAL SIGNIFICANCE OF GEO-CHEMICAL D A T A FROM 
MORIJA-BANOL IRON-ORE DEPOSIT; JAIPUR, RAJASTHAN 
by 
S. H. Israili and A. Absar 
PUBLISHED BY 
HINDUSTAN PUBLISHING CORPORATION (INDIA), DELHI 110007 
STATISTICAL SIGNIFICANCE OF GEO-CHEMICAL 
DATA FROM MORIJA-BANOL IRON-ORE 
DEPOSIT; JAIPUR, RAJASTHAN 
S . H . ISRAILI a n d A . ABSAR 
Department of Geology, Aligarh Muslim University, Aligarh 
ABSTRACT 
Present paper deals with the statistical treatment of chemical analysis of 
44 chip-samples of ore from Morija-Banol iron-ore deposit, Jaipur, distt., 
Rajasthan. The statistical correlation has been attempted between two 
variables i.e. iron and silica. The correlation between the two variables is 
'perfect negative' and the value of 'coefficient of correlation' is calculated 
as—0.9759 (very near to—1). This value has been used to interpret the 
origin of iron-ore, and the statistically computed results coincide very 
much with the field and laboratory observations. 
Introduction 
The Morija-Banol iron-ore deposit is located in district Jaipur of Rajasthan. 
The deposit extends from Morija (27° 10' : 15° 46') to Banol (27° 12 ' : 75° 47') 
over a strike length of 4 .2 km (Fig. 1). S. N . Gupta (1967) has given the 
chemical analyses of 44 chip samples of iron-ore collected from various 
sections of the deposit. The area was recently visited by the authors and the 
purpose of the present paper is to correlate field observations with the geo-
chemical and laboratory data. The present study is based on the statistical 
correlation in the variation of iron and silica contents in the ore. 
General Discussion 
The degree of interdependency of two dependent variables is indicated by 
'statistical correlation'. Hence, primarily the correlation can be used to check 
whether two variables are dependent or independent. It can be either negative 
or positive. When one variable increases with the decrease of the other, the 
correlation is 'negative', and when both increase or decrease simultaneously, 
the correlation is 'positive'. The correlation may be either 'linear' or 'non-
linear'. When the variation in the values of two variables are in a constant 
ratio, the correlation is said to be linear and in other cases the correlation is 
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Fig, 1. Location map of Morija-Banol Deposit. 
non-linear. In linear correlations, the relation bjtween the two variables (say 
X and y) is of the type 
X = ay (1) 
where 'a' gives the constant ratio. This is the equation of straight line passing 
through the origin. 
The degree of dependence is quantitatively given by the 'coeflScient of corre-
lation'. When the variation in two variables keeps a constant ratio, the corre-
lation is said to be perfect (Figs. 2 and 3), and when they do not keep a 
Fig.2. Perfect positive correlation. Fig. 3. Perfect negative correlation. 
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ratio, they have a scatter relation (Fig. 4). All the gradations between the 
two may be met with. In the case of perfect positive correlation (Fig. 2), the 
• • » 
• . . 
• • ^ 
• • 
y 
Fig. 4. Scatter relation between two components. 
coefficient is 1, and for perfect negative correlation (Fig. 3), it is —1. In the 
case of highly scattered values (Fig. 4), the coefficient approaches zero, and for 
gradational values in between these two cases the coefficient is less than 1 and 
more than zero. 
The 'coefficient of correlation' is computed by using Karl Pearson's formula 
(2) 
X^ X Y'I 
where V is the coefficient of correlation, 'AT,' is the deviation of individual 
values of V from its mean value, and 'yt' is the deviation of individual value 
of ' j ' from its mean value. 
There is a probability of error in the coefficient of correlation, arising from 
the unevenness of sampling. It is calculated by the formula 
e 0 - 6 7 4 5 X ( 1 - r ^ ) . n ^ ' 
where 'n' stands for number of pairs of observation. To obtain the lower and 
upper limits within which the coefficient can be expected to vary, the prob-
able error is respectively substracted from and added to the value of coefficient 
of correlation. 
Statistical Correlation of the Variation in Iron and Silica Contents of the Iron-
Ore. The chemical analyses of 44 chip samples collected from the diffe-
rent sections of the Morija-Banol ^ron-ore deposit is given below (Table 1). 
The mean value of iron content (x) is calculated to be 63.36% and that o f 
SiOa (>*) 7.52%. The sums of the square of the deviation from the mean value 
are calculated for iron as 467.11 (x?) and for sihca as 953.78 {y\) and the pro-
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TABLE 1—IRON AND SILICA CONTENTS IN MORIJA-BANOL IRON-ORE 
S A M P L E S 
Sample No. Fe S i02 % 
1 64.54 6.26 
2 68.22 1.14 
3 67.30 1.82 
4 63.32 7.43 
5 66.85 2.30 
6 64.71 3.00 
7 66.09 2.76 
8 64.24 7.54 
9 67.30 1.60 
10 64.09 7.42 
11 67.64 1.10 ' 
12 66.85 1.88 
13 65.00 3.88 
14 64.71 4.70 
15 63.10 6.44 
16 64.30 6.04 
17 56.90 15.90 
18 65.61 5.02 
19 63.74 7.46 
20 62.91 8.56 
21 61.48 10.78 
22 62.56 9.27 
23 64.01 7.96 
24 63.47 9.74 
25 54.61 19.50 
26 58.42 15.12 
27 58.88 12.02 
28 62.10 9.76 
29 58.28 14.64 
30 56.28 18.28 
31 62.64 9.26 
32 63.63 7.92 
33 62.40 8.93 
34 62.10 8.76 
35 58.57 15.48 
36 68.52 0.92 
37 61.48 9.90 
38 62.26 8.76 
39 67.30 1.66 
40 63.02 6.23 
41 64.59 6.98 
42 64.60 5.47 
43 66.82 2.80 
44 63.06 8.46 
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duct of the deviation of both iron and silica as —651.42 (jv< X The co-
efficient of correlation is calculated according to Equation 2 
^ = 4 6 7 . u ' x f 5 3 . 7 8 = 
The probable error is calculated by using Equation 3. 
. = 0.67451-
The confidence limits, therefore, are ( - 0 . 9 7 5 9 + 0.0046) and ( - 0 . 9 7 5 9 -
0 . 0 0 4 6 ) i .e . - 0 . 9 8 0 5 and - 0 . 9 7 1 3 . 
Interpretation of Results 
Criteria for Interpretation. The interpretation of the results of the statisti-
cal correlation depends upon the following rules: 
(z) Since the maximum value for the correlation coefficient is 1 (deleting 
the sign), the pair of values for which the correlation coefficient is 
nearer to 1 is considered to be highly significant. 
(H) If the correlation coefficient is less than its probable error, it is not at 
all significant. 
{Hi) If the correlation coefficient is more than six times its probable error, 
it is definitely significant, 
(iv) If the probable error is not much and if the correlation coefficient is 
0.5 or more, the correlation is generally considered to be significant. 
The correlation coefficient which the authors have calculated, fulfils the 
criteria nos. (i), {Hi) and (jv). It is therefore inferred that the correlation is 
highly significant. The probable error is very less and hence the reliability o f 
the correlation coefficient is very high. 
Geological Application of Correlation Coefficient. The authors have attemp-
ted to use the value of V in interpreting the origin of Morija-Banol iron ore 
deposit. The iron-ore of the area which occurs within ferruginous quartzite, 
have high silica content towards the top, which gradually decreases down-
wards with a corresponding increase in the iron content. This type of relation-
ship, where an increase in the iron content is due to corresponding decrease 
of silica clearly indicates that the iron-enrichment has taken place due to 
leachitjg of silica from the source rock (Iron Formation), The ore, therefore, 
appears to have formed due to local enrichment of ferruginous quartzite, 
brought by the process of residual concentration. Meteoric water must have 
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been involved in the process. The iron was probably precipitated as Ferric 
hydroxide, which on dehydration converted into hematite. The silica was 
leached away from the system and thus, the ore was concentrated in selected 
horizons. The doubly plunging synclinal nature of the country rocks and 
intense jointing in them appear to have accelerated the process. The presence 
of ferruginous quartzite in the ore and the ore-microscopic study of the 
samples also support the origin of iron-ore by residual concentration process. 
The statistical treatment of the geochemical data from the area is a sound 
proof in favour of above observations. Figure 5 indicates graphic representa-
30 
20 
lO 
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Fig. 5. Histogram and frequency curve. 
tioa o f the systematic variation of iron and silica contents in the ore, and a 
perfect negative correlation is exhibited, i.e. for increase in iron content there 
is a corresponding decrease in the silica content. Figure 6 is the manifestation 
too 
Wr SS 56 57 56 59 60 61 62 63 6 5 66 67 £8 
Classes on Logarithmic scole 
Fig. 6. Cumulative frequency curve. 
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of Equation 2 and same conclusion can be drawn from this too. 
The value of coefficient of correlation (r) is calculated as —0.9759 with a 
probable error of 0.0046. This value is highly significant as it is very near to 
— 1, and therefore, indicates an almost perfect negative correlation as is also 
evidenced by Fig. 5. The graphic representation (Figs. 5 and 6) and the cal-
culated value of V clearly indicate that iron and silica (x and y) and two 
dependent variables, whose variation is in a constant ratio, i.e. with an increase 
in the iron content there is a corresponding decrease in the silica content. This 
relationship between two variables iron and silica of the same system indicates 
that the former was concentrated due to the removal of the latter, which means 
that the residual concentration process was involved in the origin of these iron-
ores of the area. 
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Sammary 
The rocks in this area are hightly deformed and represent two different 
cycles of deformation. The first deformation cycle (Dl) has folded bedding planes 
into folds of first of generation (F,) developing axial plane (S^) and axis (f^). Due 
to the intersection of S^  and S ,^ the lineation (Lj) is produced which is parallel to 
fold axis and is syntectonic in origin. The second cycle of deformation (D^) has 
affected Kalidungri syncline—the region in which there is a rich concentration of 
iron deposits. It has produced the folding of second generation (f2) with axial 
plane (S,) and fold axis (f^). Lineations (L^) have also been produced due to the 
intersection of two planes. The fold axes of two generations are intersecting at 
right angles to one another. 
Joints of two to three sets are recognisable in these rocks. In the Kali-
dungri and ferruginous quartzites, two sets of joints, one bedding plane and other 
oblique to it are noticed. The area is also intensely faulted and some sort of move-
ment in the strata is also noticed, indicating a small thrust or trending northwest-
southeast. This movement was probably responsible for the crushing of matrix in 
the conglomerates. 
Iron deposits, in this area, occur in the rocks of Alwar series of Delhi 
system. These rocks are crushed and deformed as compared to the undeformed 
Cuddapah rocks of south India, with which these are correlated. It is suggested 
that the Aravalli rocks together with the iron bearing rocks of Alwar series should 
be correlated with iron ore series and the augen gneiss in the Alwar series should 
be treated as a separate lithologic horizon. The rounded to subrounded nature of 
the pebbles, their imbricate nature, different composition to the underlying rocks, 
and their restricted occurrence, indicate sedimentary origin of the Banol 
conglomerate. 
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Introdoction 
The iron ore deposits are situated in the nortii western part of Jaipur 
district, near Morija (27* I C : 75* 46') in Chaumu" tehsir. 'It" is'30 km. 
north-north-west of Jaipur and 3 kna. from Chautnu. The other important 
locality m this area is Banol (27° 12': 75° 47') lying on Chaumu—Ajitgarh 
route, at a distance of 6 km. from Chaumu> •I ' ' » t , ) t', I 
The iron ore occurs on the crests and slopes of the Kaiidungri hill, 
which has massive quartzite as a cap rock. Ore bands occur in ferruginous 
quartzite lying below the massive'quartzite. The ore'has'been exploited 
by open cast method and for that the quartzite over-burden has been 
removed, costing about 20 per cent of the total mining cost. 
The area was first systematically mapped by HERON (1922-23). 
He included the rocks occurring near Morija in the Aravalli and Delhi 
systems. The conglomerate occurring near Kalabhata village (27°10': 75* 
47') was coasideced to represent the base of Delhi system. The ecoamic 
potentialities of the iron deposits of the area were proved after detailed 
investigations carried out by the State Department of Mines and Geo-
logy. GUPTA (1967) of the Geological Survey of India constructed a 
detailed map of the area. According to him "conglomerate has been 
derived by the shearmg of quartzite locally." He argued for a sedimen-
tary origin of the iron ore, and estimated the down dip extension of the 
deposit at about 120 metres 
Stratigraphic Sequence 
The rocks of the area around Morija-Banol iron ore deposit belong 
to Alwar series. The succession of the various rocks units as established 
by the authors is as follows : „r • . 1 . 1 , ( . 
Table—I 
Intrusives Pegmatites and quartz veins 
Alwar series Kaiidungri quartzite 
Ferruginous quartzite with iron ore bands 
Augen gneiss with inte'rcalatory quartzite^ 
Banol conglomerate 
Samod quartzite. 
The Samod quartzite is found between Samod (27*14'; 75*49) and 
Near Band, almost on" the northern boundary of Kaiidungri hill,'Banol 
U 
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Fi(. 1 
quartzite is exposed. The same conglomerate is exposed near Kalabhata 
village (27*10': 75°47'). This conglomerate does not appear to be derived 
by shearing of Samod quartzite as argued by GUPTA (1967). There are 
some sound reasons to assign a separate status to this conglomerate. Firstly, 
the contact between mica schist and conglomera/e is very distinct on the 
western flank of the Kalidungri hill and secondly, if the conglomerate was 
formed due to shearing of Samod quartzite then why its occurrence is so 
localized as conglomerate has been reported only from Kalabhata and 
Banol, within the Kalidungri hill. Samod quartzite has a wide distribu-
tion in the area and its outcrops occur in and around Fatehpura (27°10': 
75*490, Bijaisinghpura (27*11': 75*49', Mahar Kalan (27M3': 75*49'), 
Dhauli (27*14': 75*50'), Barwara (27*14': 75*48') and Samod, but 
conglomerate is not reported from these areas, which are higly deformed 
due to jointing and shearing (Fig. 1). 
If 
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The Banol conglomerate is everlain by the mica schist, which has-
some intercalatory quartzite baads. Mica schist grades abruptly iato» 
augen gneiss with a sharp contact in between. According to GUPTA. 
(1967) the Augen gneiss was formed due to the felspathisatioa of mica 
schist and he does not include the augen gneisses in the succession of the 
area. The authors have observed clear contact between mica schist and augen 
gneiss. The contact between the two should have been gradational rather 
than abrupt, if the augen gneiss originated due to felspathisation of the 
mica-schist. Secondly, what was the source of this felspathisation in the 
absence of any major granitic body in the area. Pegmatitic veins of small 
dimensions are incapable of bringing any felspathisation of the mica-
schist. Overlying the augen gneiss is a great thickness of ferruginous 
quartzite. The basal section of ferruginous quartzite horizon has thin 
bands of dark grey quartzite, which are often broken into pieces and after 
cementing have assumed the form of breccia. This crushing is mostly 
restricted to the fault zones. Iroa ore bands occac within the horizon of 
ferruginous quartzite at dififerent levels. The upper portion of ferruginous 
qilartzite is overlain by the Kalidungri quartzite, which is the topmost 
member of the succession. Kalidungri quartzite is very coarse grained 
and white in colour. It shows well developed current beddings, indicat-
ing that the sequence is normal. Tne succession is traversed by a num-
ber of pegmatite and quartz veins, the latter being more common. 
Lithology and Cartographic Units 
Lithology 
The lithological units in the area are as follows 
1. Samod quartzite 
2. Banol conglomerate 
3. Mica schist 
4. Augen gneiss 
5. Ferruginous breccia 
6. Ferruginous quartzite. 
7. Kalidungri quartzite 
Samod Quartzite 
The outcrops of Samod quartzite are widely distributed in the area. 
The quartzite is pinkish white in colour, medium-grained and vitreous in 
lusture. Samod quartzite is so much deformed that at places it is difficult 
to trace the original bedding plane. The thickness of the individual beds 
2 0 
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"varies from place to place, and from lower to higher horizons. Generally 
the formation is thinly bedded in the basal part but towards the upper 
parts it becomes thick bedded. There are some doubtful 'occurrences of 
current beddings in the rocks in Samod hill range, near f^the temple of 
Morija. 
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Banoi Conglomerate 
Banol Conglomerate is exposed on the norfhcf^tern extremity o f 
Kalidungri hill around banol and near Kalabhata village ii;i the Morija 
section and it constitutes the Basal member of Kalidung^i succession. 
* " * ^ 
GUPTA (loc. cjt) considers it to be of autocl^stic originand 
formed as a resuif of shearing of S^wo^ j|i|.artzite. The authors however^ 
consider t]ie bano) con^omerate as fn original sedimentary rock, which 
no doubt, has undergone ^pipe fracturing due to deformaticq. Its she^ir-
ing contact with the mica schist on the western flan^ of Kalidungri hill, 
presence of rounded to sub-rouod pebbles, different in composition v^ith 
Samod quartzite and the restricted occurrence of tt)is conglomerate only 
in the Kalidungri hill are quite convincing field evidences in favour of a 
sedimentary origin of Banol conglomerate. The pebbles are arranged 
in such a way that generally the long areas f)f pebbles are oriented paral-
lel to one another. The pebbles are ei^^ddcd in 9 fine grained matrix 
consisting of quartz feldspar, mica and cjay minerals. 
Mica Schist 
The mica scbjst directly overlies the ^anol conglomerate with a 
sharp contact. The exposures of schist are mostly weathered. The schist 
appears to contain biotite muscovite and (fuartz. There is also develop-
ment of some garnet in the form of pin head crystals. Mica schist has 
intercalated bands of quartzite which define the Sj planes—the original 
bedding planes. There is development of S^ and S, plane? also. Sj 
planes are the foliation planes produced due to preferred orientation of 
micas and S^ planes are the axial planes of the microfolding of S-j planes. 
Angen Gneiss 
Overlying the mica schists there is a small thickness of about 10-
meters of augen gneiss. The contact between the two is sharp, GUPTA 
(loc. cit.) does not consider augen gneiss as a separate and distinct 
horizon and includes it with mica schist. The authors on the basis of field 
observations have assigned a status of separate horizon to augen gneiss. 
The mineral composition of schist and gneiss appears to be identical in 
hand specimen. Quartz grains have developed into porphyroblasts and 
around them the mica flakes have oriented themselves. Augen gneiss, too 
has intercalatory quartzitic bands. 
Ferruginous Breccia 
The basal part of the ferruginous quartzite has been broken into 
angular pieces, which have been cemented together to form a ferruginous. 
22 
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breccia of autoclastic origin. This breccia has been formed in the zone 
of intense crushing which probably tooic place due to tight foldining and 
faulting. 
Fe^vginons Qnartzite 
This IS an important rock unit because iron ores occur in this rock 
type. The ferruginous quartzite has sometimes intercalated bands of 
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hematite - schist and ferruginous - augen gneiss. Within ferruginous 
quartzite occur larger pieces of massive quartzite and ferruginous quartzite 
has been reported from within the ore. 
Kalidungri Qiartzite 
It is the youngest member of the succession in the area. It is exposed 
at the top of Kalidungri hill. lt=rsTtnassrve,'fide to coarse grained quartzite 
and has well developed current bedding, which indicate deposition in shallow 
water condition. This quartzite, sometimes has unusually high contact of 
mica due to which it has become vitreous and has assumed schistose appear-
ance. Occasionally the mica flakes show preferred orientation and define 
the Sg foliation. 
Cartographic Unit 
The cartographic units of the area are mica schist augen gneiss and 
quartzites. Among quartzites, the Samod quartzite, ferruginous quartzite 
and the Kalidungri quartzite are the mappable unit. The contact between 
all these units is visible on the Kalidungri hill. The contact between 
Samod quartzite and Banol conglomerate is not observable m field, as it 
lies under a thick cover of alluvium. 
Strnctoral Geometry 
For the purpose of structural studies, the whole area has been 
divided into four sectors. 
1. Discontinuous outcrops of Samod quartzite, extending 
from Fatehpura towards NE. 
2. Outcrops ,of Samod quartzite around Samod, Mabar 
Kalan, Dhauli, Mabar Khurd and Barwara. 
3. Samod quartzite ridge around Hathlodha. 
4. The Kalidungri hill extending from Band in the north to 
Morija in the south and consisting of rocks youngert than 
Samod quartzite. 
Attitude of Strata 
In the first sector quartzites are exposed within a discontiuous range 
of several low hills which have a northeast-southwest trend. The 
beds dip at an angle varying between 40°-45°toward southeast. In the 
second sector the quartzite dips towards southwest and the amount of 
dip varies between 27° and 45°. In the Hathlodha ridge, constituting the 
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third sector of the area, the dip directions vary between northeast and 
•northwest and the dip has a great range of variations from 35* to alndost 
vertical, The fourth sector, that is Kaiidungri hill, is most important 
from the point of view of structure and lithology. It is in this sector, 
where bands iron-ore occur. The hill has northeast-southwest trend. 
The strike of the beds varies from northeast-southwest in the south 
near Morija to Northsouth near Bandl in the north. The beds dip 
eastwards between 40* and 60* on the western flank and westwards 
between 25* and 60* on the eastern flank. 
Folding 
The authors, on the basis of stereographic projections, have estab-
lished that there are two distinct cycles of deformation in the area. The 
first cycle of deformation has folded the rocks of the first, second and 
fourth sectors with a northeast-southwest trending fold axis. The 
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Tocks of the second sector were folded into an isoclinal syncline with 
both the limbs dipping towards southwest. An anticline was formed 
involving sector one and eastern part of sector two, with the fold the axis 
trending south 8° to 14° west and plunging syncline with a north-east-
southwest trending fold axis uuder the first deformation cycle. The first 
defornnation (DJ, folded bedding planes (Sj) into folds of first generation 
(Fi) developing axial plane (S^) and fold axis (fj), Axial plane cleavage 
parallel to the axial plane of this major folding has developed and is 
designated here as (S,). Due intersection of two planes (S,) and (Sj), the 
FIG. 5 T R E N D A N D P L U N G E O F F O L D 
A X I S I N F E R R E D T O I N V O L V E 
S E C T O R S 1 4 2 
FATEHPURA-aeoKO'se 
SAM0D-176°/30»SW 
F A tREND-SWoW 
PLurJeE-io" 
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lineation (Lj) is produced which is the b-lineation parallel to the fold axis 
and is syntectonic in origin. The axial plane cleavage (Sg) is also 
syntectonic. Small scale isoclinal folds are reported from the sector one, 
but they do not signify any other cycle of deformation as the fold axis is 
common between them and the major fold. It appears that the distribution 
of stress was not homogeneous in the first cycle of folding. Fn the earlier 
phases of deformation, the stress being strong enough produced m?jor 
folds and in the latter stages, when the stress became lean the minor folds 
were formed with the same northeast-southwest trending fold axis. These 
minor folds are also of plunging nature (Fig. 2). 
The second cycle of deformatiop ha^ afifected the third and fourth 
sectors and the western "part of second sector. A nj^jor anticline can be 
interpreted betWeeh the western part of second sector qnd sector three, 
with a nortliWesHoitheast trendmg fold axis. In the Hathlodha ridge 
itself sm^ll scale folding is observed, but the fold axes have- the same 
generaj'trend as tl^at pf major fold, i.e. Jnorthwest-southeast-. This 
type Of relationship, w^ere the fold axes are common for majof and 
minor folds, is probably due to difference in mtensity of the second cy^le of 
deformation at different stages. In the earlier phase of deformation {he 
major fold was formed and in the latter phase of the same deformation, 
Jhe minor folds were formed. The secon deformation cycle has affected 
the Kalidungri synclipe also which is revealed by t^e'refolding of synclinal 
axis observed in the fipld. The second deformation cycle (Dg) has pro-
duced the fold of secopd generation,(f^ with axial planes (S3) and fold 
pxis (fj). Lineations (Lg) which are again b-lineations that have been 
produced due to intersection of two planes viz (Sg) and (S3). The impor-
tant point is that the fold axes of two generations are intersecting ^t 
right angles to one another. (Figs. 3, 4, 5 and 6). 
faulting 
Fa^ltmg is confined to Kalidyngn hill, wl^ere s h i f t i ^ of beds 
indicates th^t they are normal dip faults. There are more faults in the 
Morija section of Kalidungri hill than the Banol section. Faults cause 
easily recognized on the basis of dislocation and discontinuity of iron-
ore bands. Besides the observed faults on Kalidungri hill there are some 
inferred faults also. Faulting has taken place between the Mayyarbhanj 
section and the outcrop southeast to it. The ferruginous quartzite 
forming the base of Mayyurbhanj section is not reported from the outcrop 
southeast to it, which represents the down-throw side. The conglo-
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merate is missing from the section further north of if Kalidungri oa the 
northera side of Chaumu-Samod road, and hence, this section too repre-
sents the downthrow side of the faults. The Banoi conglomerate reveals 
some sort of brushing in this section. Besides thi>, the linear arrange-
ment of pebbles indicates some sort of movement, probably a small thrust 
faulting or transverse faulting in the northwest-southeast direction. This 
movement was probably responsible for the crushing of matrix in con-
glomerate, addition to matrix from the overlying rock and linear arrange-
ment of pebbles. 
F l & . t O R I E N T A T I O N OF F O L D A X I S OF MINOR F O L O 
IN S E C T O R 1 
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Jointing 
Quartzites of the area are highly jointed and the jointing is most 
prominent in the Samod quartzite and particularly in second sector. Two 
to three sets of points are recognizable, out of which one is essentially of 
bedding plane joints. Joints have released blocks and slabs of large 
dimensions in the Hatfalodha ridge. In ferruginous quartzite and Kalidun-
gri quartzite there are generally tw o sets of joints, one of which is that of 
bedding plane joints and the other, oblique to it. In general, the distribu-
tion of joint systems is random in the area (Fig. 7). 
Foliation 
Foliation planes are observable in the mica schist, which i^ exposed 
in the Banol and Monja sections. The schist has intercalatory bands of 
-quartzite, which define the original bedding planes (S,), Foliatiop (Sg) 
is developed oblique at (Sj) and lineation (L^) is produced due td the 
intersection of planes (Sj) and (Sg). On the eastern flank of Kalidungri 
hi!! in the Banol section, foliation (Sj) strikes north-south and dips 30°-
40° westwards and in the Morija section it strikes northeast-southwest, 
and dips 40°-60° westwards. On the western flank of Banol section 
, foliation (Sj) strikes northeast-southwest and dips 30°-35° eastwards. 
Foliation (S3I has been produced due to micro folding of earlier foliation 
, (S3), and (S3) being the axial planes. Lineation (Lj) is produced due to 
intersection of planes (S^) and (S3), and is the fold axis of microfolds. 
Foliation planes are occasionally developed in the Kalidungri quartzite 
which has assumed a schistose appearance because of having unusually 
high mica content. Foliation (S^) is defined here as a plane o^ which 
the preferred orientation of mica flakes, has taken place. 
Linear Structure 
Among the linear structures, boundinages, quartz rods and mineral 
lineations are quite common in the area. Boudinages are seen in the 
Kalidungri section where the quartzite intercalates with mica schist and 
augen geniss, thickens and thins in such a way as to simulate a strip of 
sausages. These boundinages have a northeast-southwest trend parallel 
to the fold of first generation folds. Quartz rods occur in the form of 
small concordant veins of quartz enclosed in the country rocks. Mineral 
lineations occur in Kalidungri section and Hathlodha ridge, and hav^ 
been produced due to linear preferred orientation of mineral like quartz, 
mica and tourmaline. In the Banol conglomerate, the pebbles are arranged 
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in such a way that their long axes lie parallel to one another. This is 
some sort of linear structure produced due to deformation. The largest 
axis of pebble will be parallel to ' C and intermediate axis parallel to 'b* 
of a strain ellipsoid (Billings, 1968) 
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Dis Conformity 
In the section exposed further north of Kalidungri, across the 
Cbaumu-Samod road, mica-schist is directly overlain by Kalidungri 
quartzite, the horizons of augen-gneiss and ferruginous quartzite are 
missing here. Therefore, a disconformity can be interpreted between mica-
schist and quartzite, as both exhibit same attitude of strata. 
The table given below summarises the stuctural geometry of Lalidun-
gri hill. 
Geometric 
F O L D AXES LINEATION Resultant Relation 
Deforma- Fold Tectonites between 
tion Folds axis Orientation Orientation Tectonite 
Di Fi F, NE—SW Li N E - S W B B tectofiite 
perpendicular 
to 'B' tecto-
nite. 
Ramsay's. 
D j Fa Fa N B - S E U N W - S E B Type-I 
interference 
pattern. 
Cdflclasion 
The metamorphic rocks associated with the Morija-Banol iron ore 
deposits, those, which occur around it, are defo.med to a considerable 
degree. The rocks are folded, faulted and jointed to such an extent that 
the primary structures of the rocks have been greatly obliterated. The 
quartzites, which occupy most of the area, are highly deformed and inten-
sely jointed. The Kalidungri hill represetJts the structure of a doubly 
plunging gyncline showing fold closures near Morija and Banol. The 
folds that occur near the Hathloda, Fatehpura, Sultanptira and Bijaisingh-
pura are plunging. Due to faulting of rocks in the Kalidungri hill, the 
iron ore bands have been dislocated. Jointing has highly affected the 
quartzites and sometimes, even three sets of joints can be recognised. 
Poliations, Sg and Sg are developed in the mica-schist. 
The rock of the area under study belongs to the Alwar series of 
Delhi system. The general trend is to correlate Delhi system with the 
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Cuddapah rocks, as both have equal thickness of about 6000 meters, but 
there are some significant departures that Delhi formations have been sub-
jected to mountain building forces and to extensive folding, faulting, 
igneous intrusion and metamorphism, while Cuddapah system is less dis-
turbed and almost unmetamorphosed. 
If this correlation is followed then RaiaJo Series unconforroabJ;' 
i>ing below the Delhi system, becomes equivalent to the upper Dharwar 
and the AravalIi system, therefore, occupies a position equivalent to Middle 
FIG. 8 C O N T O U R D I A G R A M O F 
J O I N T P L A N E S 
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Dharwar (Krishnan, 19'>8) The i ron ore series of Eastern Ghat Bast«r and 
Chota Nagpur.'which is Middle Dharwar in Sge, therefore becomes equi-
valent to Aravalli system (fcRlSHN'AK,'l968).'The iron bre senes is charac-
terized by iron fornoation which o'ccurs as Bainded Hematite Quartzite, 
Banded Hematite chert and Banded Hematite /asper. Such .rocks occur at 
Karwari near Hindaun (26* 44 ' : 77*6') in Sawai Madhopur which is. sup-
posed tobe almost an equivalent of Aravalli system. Here the iron ore occurs 
associated with the feFnded Hematife~cSert. " Autbl)rs'lbave 'aTso Spor ted 
the occurrences of Banded iron formations from Bhagwantgarh (26*10': 
76*12') in the same district having low grade iron ore. Tn Bhagwantgarh, 
iron formations are associated with the ferruginous quartzite of Aravalli 
age. The occurrence of these banded iron formations associated with 
Aravallis system is a sound support in corre/ating them with the iron ore 
series, but no other such examples can be cited from Aravallis, if the 
Aravallis are correlated with the iron ore series then the statigraphic 
position of Raialo series creates a problem because automatically they 
become equivalent to upper Dharwar, as the Aravallis are of Middle 
Dharwar age. The Raialo series has been considered equivalent to the 
Eparchean interval, therefore, they can not be equivalent to upper Dharwar-
the rocks lying below the Eparchean unconformity. 
The next important point is that the iron ores of Rajasthan are moitiy 
confined to Delhi system and not to Aravallis, whereas the iron ores of 
Bihar, Madhya Pradesh and Orissa are associated with iron ore series. 
The iron ore deposits of Morija Banol, Lalsol, Neemla, Taonda, Kalipaharl 
Gaonli, Jamalpur Stor, Thoi, Dabla, Bagmas, Bugasti sarai, Raipur-
Jaitpura, Rajgarh, Bhangarh and Kushalgarh are all associated with the 
rock of Delhi system taken place in the Alwar quartzites. In Aravalli 
system there are rare and smaller occurrences of iron ore and therefore if 
iron ore is taken as a basis of correlation then Delhis should be correlated 
with the iron ore series. 
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tim f and laboratory ohnmrvvtXm* i sd i ca t a %hmt 
tha aHalf a««i waa r i c h to lona aiOj^** 
HgO"*®, i f l th aaiallair %mmt ta Al"*®} fa"*®. 
Tim eaxbcmdioicida pipaaant ID aaa v a t a r vaa uaad up by 
o r ^ n i e oiRtarlal dtiring photoaynttiaaia whicB gx^a r i a a t o 
vadtieing ecmditicaia and loir pH a t t h a i r d ^ a y iwaultiiig in t he 
p x a e l i ^ i t a t i ^ ci F^Oj^  CaiDO^ iraa pj;acl|>itata<s tdtan tha pit 
valya bacaaitt aa,i.#itl.y H& f^hair* ruc tha r Immxim i n nava r i a a 
t o thtt pnMsipltation cC aiJ^Ica eliajrt aa i a aviiaaaca b^ ctmt% 
noduiaa in tha aueeaadiiag h^riaoik wliicl) a m p j r a ^ i o a i l y davoid 
of o r jmthar va«y loir in ptio^phata cofitant* 
I 
ar4r<>-<JH«mi«try of wa'itr |»«ll«tiotJ In th« 
0Mitr»l amngm Hlrwr Bavin and th«lr Imnaet on plantBi 
anA Animnl** 
S.H. l « r « i l l imd S . Khuruhssd, 
Of a«ologj' , A l i g « r h Muellai Onlr«r« l ty , 
Jkligaxk, 
Th« CtntraX Oangfi rlv»r b»«ln coverB M fhiok «on« o f 
Iprwiular raat^rial whoe« s o i l I s p a r t l y «al ln»» fh» baain 
oont^ilnB one of th® b««t r t e e r v o l r s of tb« world, Where 
»»al!er oooum both und^r w a t e r - t a b l e , peroheft, and conf ined 
c o n d i t i o n s . 
The oheraloal mnalyeis of BOBMI of the randomly o o l l e f t t e i 
•anroles Ind ica te thnt the water of thlB reg ion m r i e « fro® 
Moderately hard ( p H < 8 . 2 ) , b icarbonate typo 
•ome pocket s of Bal:^ne and brakieh water with high conttent 
of t o t a l d ieeo lved ) | l id»» I t IB a l s o obeerred +hat t h e r t 
no p o s s i b l e p o l l t i t i o n dne t o Fe, Cu, Mn, Ko, Od, Ag, f b , v 
8 r , and Zn i n general but and Or, ere more than t h e 
t o x i c l i m l t t at a f e * p l a c e s g e n e r s l l y i n the v i c i n i t y o f 
I n d u s t r i a l areaiiv I t i s suggested thHt water of mioh 
pocketa should l)e avoided f o r hiunan conawnTition. TKe 
abnormally hi | f ( concentra t ion of Ca and tSg I n d i c a t e a h igh 
degree of hardneaa In waters of t h i s r e g i o n . Beaidee ®ora« 
of the ma^or elomente a high concentra t ion of eome t raoe 
e l tmente auoh a s ?e ,»Na, Kt Pb, WSn, Sr^ Cd, Go^ Zn» Ag, A l , 
and Me, i n a few pockets i e a l e o n o t i c e d . The frequency of 
oocurrenee of t h e s e traee-e lementB varia® from place to 
p lace depmding upon the s o i l and environmental condit ioni i* 
Notnble e f f e c t s of the exceaa of some of the major «md 
trace e lements on p l a n t s and enimals have a l e o been »»f<?rte<l 
With the ranld l n d u » t r l a l l « a t i o n and heavy doaeo of IWrtiiS" 
••r« and other r e s t i o i d e s . I t i s d e s i r a b l e to h^s/e a f t r l t d i o 
study of t h i a and o ther m r t s o f the tJanga Rivor Basi*! I d 
order t o know the e f f e c t s of p o l l u t i o n , Qwnntlt lea of irtriise 
n u t r i e n t s present and to draw the b e s t p o s a l b l t p l a n s 
f e r t i l i s s r a p p l i c a t i o n . 
Th«r pr«69nt paper deala th« Jfcyrdrologloal oondltlcn.ii 
•ltd a lgnl f ioanco of vai'loue trao® »l«raer»ta present i n both 
geologic or n a t u r a l ervlroninent and a r t i f l o a l l y RddeU 
In the waterf of GontraX Gang* banln an<? bu -geet'e metieiures 
f o r the b e t t e r use of these water iMifdld « bo^h f o r htuium and 
AgrlouXtural purpuBes* 
The area of present i nvee t i ga t i on I l e a In the Central 
ganga-yaoiuna doab t h a t oovere the aoet f e r t i l e p a r t of the 
gjinga r i v e r baeln whioh im eupposei to poBBesB on© of the 
bee t grount water reaervoirB of the worlds Ground i^ater 
i n t h i s region ovcurs under weter t a b l e , pexdieA and under 
odnflned condi t ions* The p o t e n t i a l a g u l f e r ssone l i e s between 
the depth range of 200 to 380 meters and the depth to water 
t ab l e froia ground leve l rangeidi f roy 2 ta to 12 The 
discharge of water v a r i e s from 100 to 300 m-y hour f r o » 
draw dovm varying from 6 to 10 meters . 
In general the q u a l i t y of ground water i n t h i s region 
i « not uniform^ The Chemloal ana lys i s of some raxikdomly 
co l l e c t ed eamplev Ind ioa tes t h a t the water of t h i s region 
v a r i e s from (1) moderately hard i . o » (PH and low 
percentage of t o t a l d issolved so l ids ) ( i i ) bicarbonate 
type (pH<?.9) and ( i i i ) Brakish or s a l i ne water with high 
oontent of t o t a l dissolved solid®» I t occurs only in 
pockets in between f reah water bodies . At plaoes the 
s a l i n i t y i s qu i t e high f . e ^ Bhara pur i n Agra d i e t r i o t 
(Pathak e t a l , 1976) and around Nauihi l i n Mathura d i s t r i c t 
(Singhy 1976) where ohlor ide concentra t ion goes, upto 
1100 ppm. 
MA'-PEilALS AWO METHOBai 
^ The q \ ia3 i ta t ive and q u a n t i t a t i v e analyses of the 
water sampleB were ca r r i ed out by^uslng.a va r i e ty of 
chemical and o p t i c a l methods. HCO'Z , J1 , Oa and t o t a l 
ha -dnee j was determined by volumerrio method and Na and K by 
flamo photometry. Ou, Fe, Mti, Ni , Or, Mo and Zn wei-e 
deteoted by auectrophotometrio methods, uaing Bausoh and 
loml? Bpectronio •20'' a p p r a t u s . 
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RESTTLTSi 
Th« und«r^oun<1 water of t h l e r e g i o n b e s i d e s some 
eommon c o n s t l t u o n t p etidh a s SO., Ul, S i , Ca, Ha 
and K a l e o c o n t a i n Pe, Cu, Wn, Pb, Zn, Mfl, Co, Wl, Cr, B, 
P ana a t a few p l a c e e Ag i n t r a c e s - The f requency of 
occur rence of t h e s e t r a c e e^emente vary from p lace t o 
p l ace i n th iB b a s i n depending upon the s o i l c o n d i t i o n s 
and indiig^trial envlroninent» At p l a c e s t h e i r p e r c e n t a g e 
1 B q u i t e hiph and i s S E V E J ^ A L t imes more than the W.H.O»» 
(!rabl<?~Ia ) p e r m i s s i b l e l i m i t s . As could be seen fl*oiii 
t a b l e ~ l the pe rmiee ib l e W.H*0 , . l imi t s of t he se t r a c e 
e l emen t* f o r p o t a b l e WRter l i e s i n between 0 , 5 t o 2 ppm 
e x c e p t i n g f o r c l o r i d e » I t i s observed t h a t i n t he shal low 
wa te r a q u i f e r s , excep t ing a few t r a c e e lements t h e r e i s 
an i n c r e a s e i n t h e v i c i n i t y of I n d u s t r i a l t own-sh ips such 
a s A l i g a r h , Agra, Panki (Kanpur) of t r a c e e lements l i k e , 
Pe, Ou, Mn, Fb, H i , and Cr» 
The chemical a n a l y s i s of some randomly c o l l e c t e d 
wate r samples from shal low wate r a q u i f e r s of A l i g a r h , 
Agra, and Paniri (Kanpur) i n d u s t r i a l a r e a s ( f a b l e - I l ) 
i n d i c a t e t h a t c o n c e n t r a t i o n of Pe v a r i e s from 9 , 5 t o 
1 8 . 5 ppm, Cu, 3 . 5 - 4 .5 ppm., Ktl^0.35-2.0v'PP»» B ) , 0 .12 t o 
l . l , p |m, Mo, 0 . 0 1 - ^ . 3 5 , H i , goes up to 1 7 . 5 p p a . i n 
BOBie shal low w e l l s , Zn up t o 6 . 2 ppm, whereas Or v a r i e s 
4.rom 0 , 1 to 1 , 2 ppm. 
I n some w e l l s of A ^ a and Hathura d i e t r i o t e a l i igh 
c o n c e n t r a t i o n of Boron ( 3 .0 ppm ) , f (5^5 pism ) and 
c h l o r i d e a s h igh a s 1100 pp« , was a l « « M t i o e d l . 
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C(Mie«iitr«tlMi trae«»«I«iiMt>la «tt«r •cftiiftrt 
from Atttpili «ibM i« |i»f« > 
Ues t lM C« M» HI Cr 
( I ) iMdMiy workfMp 
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0«1 
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(14) ft9tal«aa)* m m • • m • 
« Naa.iadaairlal 
PISOUSSIOfO 
Notabl® 0 f t « c t « of tbi ee t r a c e •lemnril e on p l a n t s and 
a n l m a l e hav® been d©eorib©a by many cf the e a r l i e r w ^ r k e r a . 
Mary of the e a r l i e r workers {Riebold , 196?? Schmlt t 1976) 
have r e p o r t e d t he H I e f f e o t e of Boron, Ooinper, Man^^aneee, 
Zinc Cobfidt, ChromiiA/n and molybdenam e t c , «Jid of f l o r i n e 
( P a n d i t , e t a l , 1940; Hem, 1970, Sinrfi e t a l . 1965? Deaomikh, 
1974; Ragiiavtt «ao 1974 and Kinogaohi 1974) , both on p l a n t s 
and a n i m a l e . 
The abnormal y : Igh c o n c e n t r a t i o n of theee t r a o e -
e le raen ts i n t h i s p a r t of t h e bea in i s a t t r i b u t e d t o t h e 
g r e a t e r i n d t i s t r i a l f c i o n and of f e r t i l i z e r 
and o t h e r p e e t l c i d e s b e s i d e s na t i i r f i l or g e o l o g i c a l h a z a r d s . 
The di s t r l b u t l o n of c e r t a i n abnoxlovs cheo;jwal e l e m e n t s 
p r e s e n t In t h e var louBj^ock t y p e s of snb s t r a t a o r e e a r r l e d 
away by the eur faoe j wa fe r d u r i n g the cour3e of i t© doiVi^ v^ flirA 
j o u r n e y . Hecent s t u d ^ s (Handa, 1969 an<! pereomO^ comrmnl-
o a t i o n ) have a l s o e h o ^ t h a t t h e .1>raoee of theee metaXe 
a l s o occur i:i r a i n w a t e r , p o s e i v e l y due t o ^ m o s p h e r l c 
p o l l u t i o n . 
I 
Moreover, what we e a t and d r i n k depeUd i n p a r t upotl 
t h e compos i t ion of source r o c k . The c h e m i s t r y of rockB, 
s o i l s , p lant© and water i n a p a r t i c u l a r eco-eys tem may b© 
c a s u a l l y r e l a t e d e i t h e r d i r e c t l y or i n d i r e c t l y t o t h e 
o c c u r r e n c e of animal and human d i s e a s e s * Hance t h e peocheral-
c a l environment under t h e i n f l u e n c e o€Lwhich such d i e e s s e s 
o c c u r , So c h i e f : ^ c o n t r o l l e d by the q n a n t a t i v e a s w e l l a s 
quf^J l tAt ive d i e j r j b u t i o n of t h e s e t r a c e - e l e m e n t s . The 
o c c u r r e n c e of r i r e a l k a l i e s v i ? . , , l i t h i u m , rub id ium and 
cesium has a l scf been r e p o r t e d i n under ground-wat©r 
(Gaurafit e t a l 1976) and i n n a t u i a l w t e r (soman e t a l 
1966) Kanda, 1973) • ^ 
Ka jo r o r minor amounts o r even t r a c e s of t h e s e 
e lpment* e n t e r I n t o s o i l and water during; p ro lonpcd w e a t h e r -
I r r of t h e s e r o c k s and a r e p^^rtly abso rbed by n l K n t s t h ' i t 
ow i n the fiJre'v. The animal incl^?ding man i s a l s o no t 
escaped t u r n t h e 111 e f f e o t e oi tbope t race-e l ' ^ t r . en ts because 
""O^ c of o r pOT^ulation t a k e s v; t e r w i t h o u t any f i l t r a i o n or 
wa te r t r e e t m e n t . I t was t l s o observed t h a t t h e sha l low 
w a t e r aq«nn?"s (Wig^I) f rom whica lar^je amount of wa t e r 
of wa te r drj^wn both f o r ag^ r l cu l tu i a} and human consumpt:Jor 
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i s more p o l l u t e d t han the ivat . r a q u i f e r s . Th« au thor 
l ^ n ^ i J the t r a c e e lemtnt d i s t r i b u t i o n i n A l l n i r h town 
both i n BhpJ-low and deep wr.ter a q \ 4 f « r s . aad i t muB 
n o t i c e d t h a t the frftquenc.v of t i .ese "lo.i.ente decre -Bet" 
with denth ( F i g . I t i s t h e r e f o r e t h a t the 
r u r a l f o l k may be advised t o draw t h e i r wate^* from the 
deep wate r a q u i f e r s eo t h a t t h e p o l l u t i o n e f l e c t ® i f any, 
a r e min imised . 
teepin^r a l l t h e s e a n o a a l i e s th® a u t h o r i s of flie 
op in ion t h r t a d a t a i l e d geochemical study of the Bui'face 
and su)>-eurface wa te r bodies i e of ut isost irfjporance both 
f o r a f c r i c u l t u r a l p r o d u c t i v i t y and hunuin h e a l t h and s a f e t y • 
With t h e ni'Ot^rees of such s t u d i e s couTiled vvitJi the cheJiidstry 
of r o c k s BOdiments and e o i l s t h a t serve as hos t b o d i e e , 
s o i l s could be c l a s s f i e d acco rd ing to t h e i r grade of -pro-
d u c t i v i t y and e a l i n e po tab le and n o n - p o t a b l e , water f o r agri-^ 
c u k t u r a l , wa te r ing c a t t l e and huioen conBumption could a l s o 
be demarca ted . I n a r e a s where both s a l i n e and f r e s h water 
o c c u r , t he b lend ing t echn ique may be u t i l i s e d and thus the 
water BO ob ta ined could be u t i l i s e d f o r i r r i g a t i n g eome 
a t r o n g l j or f e e b l y s a l t r e e i e t a n t c r o p s -
With r a p i d I n d u s t r i a l i z a t i o n and heavy doBee of 
f e r t i l i z e r s i t i s d e s i r a b l e t o have a p e r i o d i c study of 
thi t - and o t h e r i n d u s t r i a l b e l t s of gan^^a r i v e r baein i n 
which b i o l o ^ i B t e , g e d o g i e t a , a g r i c a l t u r a l and medical 
s c i e n t a a t B : ehould coopera te i n the form of j o i n t ven tu res^ 
otherwiBe n o l l u t i o n problems e s p e c i a l l y due t o trace*-
eleriients /may c r e a t e s e r i o u s h a z a r d s i n t h e f o r s e a b i e 
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soundir>f^». Anniv,. Geol» iHvirv. Ind • 
tiection->I, Lnckncw^ 
Lionan, ?>.!<., Pandey, V.K. , JoB»ph, K.T. ( I ' - 'C) r:jner«3 
c o n t e n t In l i r lnk inf snippiy i n I n d i a , A S ' I . T / I T / 
Survey, i t - l , . Pv7. inU-S-A-WB 
mccmnmm^ mm&ss jam czmBummzoK or 
OMtoGStmr DOt>oitms, omTAicT 
I U M ^ Y * XIFM» 
oKPAKTHCtfr or mcBboat 
jyeocMotH MmiiZH mixmmmt 
MiXCUyiH 
xn ««e«rt«in t lw Physice-eiMuaicfti ii«tux« 
th« iNisin of 4«iio«itioii* an mttmapt tmm l»«ii m^ t o vtudjf tlvi 
QtoehflMintry ctf «hwHi iwdisMiiit** It i t aofeie«a t h a t whan 
^Oft plcit tad aga ins t Si02« CaO and an itsvacaa ««Xatioiitfhip 
with thaaa oxiAea i a «i»taifMN& iad iea t i j tg a gradual xmpX^emmnt 
tlia i a t a r by f o t a a r diuri»g diaganiaia* Zt has a i ao baan 
aot iead t h a t to tha p h o a p ^ ^ poor aadiaanta tha CaO» MoO ^ 
raXatioonAiip ia i n a i g w l o a a t ^ and l»oth a saa t aida by aida* bitt 
i n phoaphata r i ch aadiwaota MgO i a f cmad t o b« r ^ i a e i n g CaO 
Which iad iea taa a r aaora l of CaO bs" MgO i a a p a t i t a a t r u e t u r a . 
ttm lorn cootant i n thaaa aadiBMnta 
<5iiiwtic c c a i d i t i ^ a a t tha tiiaa of d^oa i t i o i i * Mia i n a i f M f i O i n t 
c o r r a i a t i o a batiiaan CaO and ftii^ in thaaa aadiaittita raraaXa tha 
praaanca of both thaaa ingradianta i n tha ao t i t ion* Tha al^^^ 
• / a ^ ^ diagram ahowa t h a i r eoneantratioii undar a ^ t i l a r 
pfayaioo-chaaiicai an r i romoat* 
Mhan CaCySiO^ r a t i o p i o t t a d aga ina t F^Q., m an t lpa tha t io 
r a i a t ionah ip i a oi>aarrad batwaan tha two* i n t i f a t i a f a 
dapla t lon in Ca<V*iOj^  eoneafttration i t i th t tw iaeraaaa in P^Og* 
on tha baaia of a aa r iaa of alavan t r i m a i a r diagraiwi 
in which Ca# or MgO i i a a on ooa of tha oomara but poin ta a 
«pra*i towaria MjO^ Va^Q^^ *aO c o m a r indioata aoMidiat 
allcalina o r pagna t i t i o aaurca in tha pronraaanoaff which haa a iao 
bawEi i n f a r r ad an tha baaiaoC y t t r i t t n eontant i n thaaa aadiaanta* 
Qua t o tha praaanea a i poor t o aodarata phoaphata eontant* 
thaaa aadioMsta hava baan cSaaaif iad i n t o foitr oatagoriaa on 
tha ba»i« of GaO/»iO^ aa propoaad by Za ra i l i ( i W b ) , 
iM«aiy* ( i ) ftiigntiy phoaphatiaad doiaiaitaa ( i i ) Mio^ha t i e 
doloMitnn ( i i i ) cala-yiioaphoritaa and s>hoapheritaa« 
•n tha baaia af aonaiataney of CaC/rjO^ r a t i o a batwaaA 
Z^RODOCTZOiti fhm Gsiig&lihtt doaoiilt«i fortofttioii i n Pithoc»o«rt) 
(jip 19* t do 10* I «2 c /2 ) eh«raet»riji«d by dm^mlopmnt 
M i s t o i t f o m s « 
imrBSatBnt th ick band of doXoAitat* dolomites h«v« b—a 
£ur th«r divided i n t o f o u r i^mximnt vim, I3hari# Biui^Ani 
jxnA Chtmwm, i n whioh Oh«ri i s tli« oidas and eonta ins r i c h stroitato* 
^ i t i c ^ o s p h o r i t s s * ih« phosphato contant i« found t o ba daozaasing 
t^iArd in s t r a t i gmp l i c i colouain* ganaral stri ica oC t i p M 
doioni tea i a m ' ^ , having gantiy d ic ing toirard Hti a t an an^ia 
of 20 in fianacal, 
ypiVj^ptta pggfkt Much work haa baen dona on thaaa doloiaitea^ aa 
f a r -th« atratigraph:if# a t tmctum atrooiatoi i tea i s concertwd 
KSara and VaJLdiyn {%9€%) vara of tha opinAon t h a t tiiaaa d o X t ^ t w 
a re imrarted^ ifhich i a now proved t h a t thay a r e in nonaal poe i t ioo 
(Banarjaa t97$> thus Valdiya*s (1972) prqpoaal of a t r a t i g r aph io 
c o n t r o i l on thaae phoaphoritaa i a a i a o no mora va l id* The 
gaoJLogieaX a a t i n a rea of atudy as given by VaXdiya (1972) 
i s as fo l icMit f i g s , % & 2 rapresent gaological m§p» of Pithoragarto 
and around osngolihat totm respeet ively* 
Aor S l a t e s 
Qangolihat 
Oolooiita 
VoraatieM 
Shar i MaaiMr 
Chandaak Nsnribar 
Hiui«>ani i M a e r 
Chhara Mudbar 
•e r inag Quar t s i t as 
f a r no i»ork has bean done on the 
elisisieal aspaet of these dolomites* The authora t h e r e f o r e have 
s tudied t h e geochaatical bi^h«riour of bot^ Major and winor 
eoii#titiMint8 of th«s« doXoaiit«»« Ao a t t « a p t has ml»o bmm 
md^ t o f i n d oitt ttia po»sibl« Cftiuit ^or th« p m c i p i t B t i o n of 
t h i ^ pHoiiphatie aol03iit«s« f o r th» px«s«ftt •tuAy « numibar of 
daipim* tak«n from t h i s Fonwt ion in m»d Brouaa 
O^ngoXihftt hav« •aaXyiMid f o r t h o i r mjor eonstittataats %iliieti 
iUxuOm l i O j . CaO. ago, l^jO^. ^^^ O^, tiO^^ r^j^Oj^ 
Wkjf^ ^ It^o and th« miatm heva hmo int©jEpri»t»d i n ttm 
foregoing pagt** 
i B l i i f f m t f t l f l n cC AntlYtigiiil P t t a * 
<3eLaQolih«t doXomitAS Fonostion i« found t o be poorly t o 
nodorat«Xy phoaphatic» lianc« tb» iwiin iffiiphiMitis i n the p resen t 
vork i a givan t o £ind m t t ha r a l a t i o n a h i p o£ t h e P^O^ vith 
o tha r aleiaanta and a i eo t h a i r baar inga on g « « i t i c a ign i f i canea 
i f any o£ theaa dolomitaa* tabXa X« jrapraaanta t ha avaragaa 
^sa oha»ieaX co^pMiticm in f o u r ^fli>ara« f h a datanninad 
anaXyticaXdkta have been pXottad graphieaXXy, a»d tha curvea 
obta inad have bean a tod iad t o d a f i n a t h a ehaa i a t ry of thaaa 
aaopXaa* 
^^ yJOS ftiO^t Tha doXomitaa toatain a i g n i f i c a n t anoulit 
of aUiea« which va r i aa frooi 7«009( t o and i t i a not iead 
%rhiXa p l o t t i n g &iQ2 againa t P305 (rig«3> t h a t an a n t i p a t h e t i c 
caXationahJ4» ax i a t a batiwen tha tvo« ind ica t ing thereby a 
graduaX raiMvaX of fti02 by P20S, whioh haa aXao bean no t iced 
by dook« 1973, and Khan a t aX. X97f# i n Jhabita p h o ^ h o r i t e dapoait* 
f a ^ CaOt Tha Cao i a th» chief cona t i t uan t of tha 
«a loa i t«» and ir«rie« ixom 0*30 t o Th« p l o t t i n g of C«0 
«Oikiiuit 920& vliows x»iiiar1i«bi« a n t l p a t h t t l f i r t t l a t ion^ l jp (F ig«4) 
jMiatiofiship btttMMii »20S and C«o tiiuf i n d i o a t a t a gradufil 
vanoval. of ona by aoothar* A«aa (1959} ha* auggaatad t h a t 
carboaattt f l u o r a p a l i t a i a t ha mniSmiAme product of i t inor 
co&ati toanta of thaaa dolomltaa. m a t t a q p t ha« b a m taado 
t o difif out t h a poaaibia causa f o r t h a p r a c l p i t a t i o c of thaaa 
phoaphat io doX«Kiiitaa« For t h a praaan t atudy a nutuber of aas^laii 
takan tmm t h i a t o r a a t l o n in S'ithoragarh and around ^ n ^ o l i b a t 
have ba«Q analyaad f o r t h a i r n a j o r e<»iaticiiaot8 includa 
&im» co.0, Pios^ t i o a , m o i r a s o i , rao« 
I) |R20 and K30 and tha r a a u l t a h m e baan i n t a r ^ r a t e d in t h e 
fo rago i sg pagaa* 
jaaHtafpgilnitt^aR fft Aimyt igf i l P i t a» 
Oangolihat dolCKnitaa formation i a foaod t o ba poorly t o 
ttDdarataiy phoaphatie# hanea tha maio a i ^ h a s i s i n tha p raaan t 
w r k i a givan t o f i n d out tha r a i a t i o a a h i p of t h e P305 v i t h 
o tha r a l a s a n t a and a l a o t h a i r oaa r ing i on genat ie a i g n i f i c a n e a 
i f any of tiiaaa dolotnitaa* rapraaanta tha avaraga of 
tha chcnica l eoR«>oaitiOtt i n f ou r H^ofe^tra* t h a ^tetaminad 
a n a l y t i c a l data hava baan p l o t t a d graphioally# and t ha eunraa 
obta inad hava baan a tudiad t o daf ina t h a chamiatry of thaaa aaMploa« 
t> PgQS Si08t Tha dolomitaa con ta in a i g n i f i c a n t amount of 
a i l i c a * which va r i aa frow 7«00% t o 38«0K end i t i a no t iced whila 
p l o t t i n g »i02 againat ROS ( f i g , 3 ) t h a t an a n t i p a t h a t i c 
rm}Mtim»hip mil»t9 betmiftB ttm tiro» iiidlfstttiaf thvririoy m 
ignuSuaJ. mmmml of Si02 P209« which hiui «X«o b««n not ic«4 
C o ^ 1973« »na Xh«n « t «X« in tni«bus plioaphMtits* 
a i p o i i t i . 
C^Ot The C#0 iB t h« qhi«f coii»tltt»tnt o£ th* 
aoiomit** and rmtlm txem 0*30 t o 3 3 f l i t t i n g of C«o 
«9»iiiitt I>a<^ ffhfiw* sttaiftslcald}.* a i i t ipa ths t i c mUt i cmsh ip ( f i g . i ) 
betMttioa }209 aad C«0 thus indicati ts 
a grftduaii £«itiQf(r«X of otm by «iioth#ir« tmm (1959) h«s 8uggttst«d 
t h a t oarl>omt« fioiax«p»littt i* t h e ^ndoieiidbor prod^ict o£ 
«C digniMitio mpXiic^tmnt In %^ich di«8oiv«4 photphato ion 
» i ^ t i t u t « f o r carbonate in caleareoua mat«r ia i« . itmeraas 
Co<^ 19?af haa obaervad a svii«>ai^tic r» la t io8ah ip in hmtmmn 
CaO and P2CB in high grada phosphate 
v«&# WaOi The NgO content in doiomitee ia h igher and 
irariea in betwe^^n 4m30 t o 32#i09i« a ^ i n show* an inverae 
se la t ionah ip with ( f ig .S)* t h i s inverae r a i a t ionah ip i a 
poaaibXe due t o t h e reaaon t h a t MgS ^ i n h i b i t a phoaphate 
pjreeipitatieii» bmemimm ^otfptmm with f o r a i t e a in 
t h e a p a t i t e a t rue tu re due t o which a decreaae in MgO content 
occurs dueing P20S exuriehment. Fur ther i t has bean found t h a t 
i n r i c h phosphorite deposi ts MgO content doei not increases 
beyond 2H (Khan e t al« i ^ r a i X i 1978). 
4) CaO Ho^i The CaO and MgO are inpor tant cons t i t uen t s 
of calcareous rocks« The p l o t t i n g of CaO agains t MgO rwreals 
t h a t i a ptioaphftt* r i c h MdinMUEits suclt tm in Etuiyi 
«n I w n t JMlatioiuihIp mtimt» In phoslipftt* 
poor Mdiawnt* in Hiui«i«iii Mni i i r thfir* i c no «igntf 
c«Xtttioiuihip and both o£ t h t n hav* bMin found • x i a t i n ^ a i a* by 
a ia» btcAUstt ^ ia knoMi t o • u b v t i t u t * f o r C% in «p4ltit« 
* tn i6 tu r« CCmft • t tteCmtmlX, im)* 
^^ c « 0 & i O | t €ftO e o n t ^ n t wlwo p i o t t t t d «9&i&»t &i03 c o n t e n t 
•hcjws an ins igpi f lo«nt corr«JLfttion i n t h « w i dolomit** indief t t ing 
th*r#by the prttset»c« of both thmmm i n^n td ien t s i n s o i u t i ^ 
Al303/rc2O34FttO. t h « perecntagHi mt^smlnm p l o t t e d e^Rinet pereenteg* 
of t o t a l i ron on gr tph i s shown in 
t t i s t h s t f o r A1203 ooeten t bsloM i ron i s 
Xm <i,s« 0«394) Mhmtw f o r lUiaai i n b«tiiii«n 
t h e Feac^ concent re t ion goes ^p to i»OOS(# inaic«iting m c lose 
a f f i n i t y bet«ien t h e two oxides i n these rocks . Xt i s because 
of t h e f e c t t h a t eluminittm bein^ e t r i v a l e n t eletasnt shows c l o s e 
s i m i l e r i t y t o f e i n i t s chei»ic«d c h e r a c t e r i s t i c e . Aluninium 
under a l k a l i n e ccmditions has been proper ty of p r e c i p i t e t i i n g 
a s A1P0«« 2H30 ( V e r i s l i t e ) o r ellophane which i s en enorphous 
hydrated a l u e i s o s i l i e a t e hmwing poss ib ly high P20S contents* 
No such phoim>hate Mineral has been not iced dur ing pe t rogrephic 
study o£ these rocks* Hence* i t i e i n f e r r e d t h a t both of them 
were p resen t a s s i l i c a t e s of alusainiua and i r on brought a s d e t r i t a l 
Mater ie l i n t o t h e basin* 
•> Cmo/Sioa V» Caoz&io^ r a t i o i»lot t«a mqmimt 
y^Og eoot«nt (f i9« 8} •hows tha t th«r« i» mn liicr«««« in 
P jOj with . i ac rpa i ino th* r « t l o vhtch iiiaie«t«9 
th« d ^ i i t i o » of C«o wi th iocrttftsittg pho«ph«t« eoiit«Rt« 
CrnQ/mo Vs y ^ t l ^d Caq/Iigo r a t i o n p l o t t e d aga ina t p^o^ 
9) a l a o iraivaal an a n t i p a t h a i t c r a l a t i o n a h i p with 
inc l taa i&a eontant^ upto &% CaC/MgO 
r m t i ^ baeooaa eonatant* i ^ i e h ind iea taa t h a t HgO ia r ^ i a e a d 
o n l ^ y ^ t p a c a x ^ i n l i a i i t* 
p ^ i ^ h a m i c a l f and T r a n ^ t lua attatnpt haa a l ao bean mada 
h«ta t o ' i a a n t i f y t ha f i a l d a and l o c a t i n g the t randa in thaaa 
aadiraanta on tha baaaa of t h a i r ehamiatry* 
thB aadimantaxy avaragaa ar« pXottad i n fig*10« l»aaad 
m auggaationa siada by maon in a j^ VaO** 
SiOj^CatHMtTO tr iangulair diagram* Xt i a obaarvad t h a t 
(MjOi ttot inc!ra«aa § parean t of i&lOj^'M^Oi^* 
rmO t Ca04ifo0} in thaaa d o i o a i t a a , 
F ig , i i ahews v a r i i ^ m H^CaCMtejiO-ac^O t a m a r y diagram 
with a t rong a c a t t a r of poiitta widaning toward* tha RajO-K^O aida 
appvoaciiiataly a t iia^Oi K^O « S t 17 r « f l a e t i a g a high parean t 
of ICjO* i t n igh t ba dua t o a l k a l i n a proirananea which haa 
baan i n f a r s a d on tha baa ia of y t t r i u n eon tan t in thaaa aadimanta* 
content in then* sidimentt* 
Figi* la «iid IS iihoir th« •v«ir«9«9 of rmtiOMB ox id t t 
p l o t t e d on a ««ri*s of t r i a n g u l a r diagrama axpraaaad 
an imi^t parcant* f h a f i r a t g f i g u r a ia aa SiO^wia^OI* 
itgO dia^ran i ^ i eh ravaala t h a t moat vM tha poin ts l i a along 
l i n a aii<S M^O^ doaa not tocraaaaa l»ayo»d 9 parcant* 
flia CaO-jTa^^^^^S ^ ^ ^ ^ ^ ahowa oooeantraticMa 
pointa on Ca comar and apraading toifarda Fa^O^^aO^-Al^C^ aida 
a h i ^ concaxttration on t ha ^ ^ ^ l i m i t ind iea t ing a 
low Matrix eoatant* 
The naxt two dia^raiaa ttgOwCaCHMt^ i^ and ^CaCHTa^Oi^ 
r a o a lao ahow a v a r i a t i o n rnXam Cao-Hgo l i n a f o r thaaa dolomitaa, 
^ naxt two diagiraiia CaO«#a|03<i>lia204lC20and 
K^O rapraaant tha aaoa v a r i a t i o n i«a* h i ^ i CaCMtigO and low 
m^om^o and Vv^Oj^ ^ r a o eontanta* 
In f i g . tha CaO^AlgOi^^C^^IC^O^ •^a^Og'iraO^^Oi 
» 
diagraMi again r ^ r a a a n t tha a i ia i lar p a t t a m * 
On tha laaaia of thaaa diagraaw in which CaO or MgO l i a a 
on cmm of tha ooraara of tha t r i aag la« i t ia not icad t h a t in 
tha cai^aeoata roeka aoat of tha pointa l i a cm tha CaO or HgO 
e o m a r and t h a i r ^ r a « d towarda M j O j eontar ind iea taa a 
aoattwhat a rg i l laeaoua contant i a thaaa aadiiatata* 
Tha r a a t th raa diagraiM of ( f i g , 19) ahow v a r i a t i o n in 
<i} M^Oj* ya^O^ 4 r a o • Ma^ O^ * KjO, ( i i ) MgO^^Oi ^Ma^O^ X^O 
XjO and ( i i i ) MgOHTftjOi^ ywCMitt^ CHiejO eontftnt*. 
2a f i r s t diAQraoi the coitcsntratlon of th* po in t s i s 
iiMirsr t o M^O^ c o m s r snd shows s spirssd tewsras ^ ^ ^ 
l i n s s^ i i i t ino t o w s r ^ « ps^aMititic iiJcs pcotrsoAiics. 
* c U s B i f i c ^ t i o n of t h s s s 
dolomitss the authors hsve tiss4 t h s psrsmstsrs suggastsd b;^ 
^Uirsili ( l $ t8 ) , Imssa on CsC/P^O^ cur r s t i o f o r 
pt ioi^hori tss associ«t#<l with i i o i e s t i ^ s o r s i l i e s o u s roOcs 
rsspset i i rs iy* 
On the bas i s of e i « s s i f l o « t i o n t h e rooks of th« 
«rs« souid b« ^prou^d as imasrt 
t* a i i c l i t l y phosphatissa l iwsstonss (Cacyi^OS « 49»99a to iOi l ) 
fidst of t h s a r sa i s covsred by t h i s typ* of limttstonss* 
such typ* o i i ioss tona i s most eoamon in H i u ^ a a i m ^ Chhara 
HBmbsrs* sotae sporadic oecurrszioss a r s notad in I3h«ri 
MSRibar* m othar words i t ean bs sa id t h a t t ha s ta jor i ty of 
t h s rooks ^ oaagolihat dolowita fonaat ioi i baiong t o t h i s 
oatagsry* I t i s t h a r s f o r s suggastad t h a t thasa dolomitas 
should bo t a m a d as s l i g h t l y phosphatisad doiomitas« 
a . ffhosoha^ic m m m ^ (cacypaos • l i t o 3 l i ) 
This t y i ^ of doiomita i s oos t comaoo in a l l tha Maiidsrs 
of tha araa uodar prasan t imras t iga t ion . 
p h o p h o r i w t (C«C^ao9 • U99 • i i s i } 
f h i a typm of pho«pltorlt«» iM ece^BBimtXl^ found i n 
Shari and Chandaak mtArnx* and i s r a r a in Hiui^ani miAmt* 
4* i ^ ^ h ^ j t a t(Caoifii^OS « 0*99 t i t o O.S t i ) 
I t i» a m t emmoa in Chandaalc Hiiiibar and i« pupaXy 
found in Dhafi iianlaar* 
9sm3mJksd* 
In a nutahaXl the Oangolihat «aa c ^ r a a a n t a unatabXa 
and va r i ad amiircinmental condi t ions in l^aain of dapoaitAim 
and aXao in tha a ^ p i y of m t a r i a i from tha pro^ananca* 7!ia 
ehan^a in tha t^aain var laa from a t rooa to l i t i o^ doioai taa 
(i>hari Mannar) t h s o u ^ aagnaai t io horiaon t o ehar ty 
a t ros i a to l i t i c d o i t ^ i t a a , (Hittn^ani HtsribarK Zt ia a lao ao t i ead 
t h a t yottftoar Manisara baeow anrichad in ehajrt and poor in 
phoaphata eontaat i indica ta a ^ a d i i a l ehanga in Sh » pK c o n d i t i o 
of tha »adiim» 
fha p l o t of SiO^^ CaOt HgO i a a l i thmmm 
rock typaa ravaaia an imraraa ra la t ionah ip iihieh ixkdieataa a 
gradual n ^ l a c a w i n t otf thaaa oscidaa bf 
Tha aourca of the phoaphoroa ramaina ratoaina a dubiua 
quaatiaor and nany thaor iaa hava Isaan prQs;>oaad ao fa r^ in whleh 
Mpwalling hypothaaia iKmt^km, t937) got a pritoa iii|>ortanea* 
ftttsaail and «rua»a» (1971) mx^iag m Duehaaa phoaphoritaa 
olsaarvad tha t tha Maehaaiain of p r a c i p i t a t i o n ia opan t o 
^ a e u l a t i o n , « iay aupport ohamicaX p r a c i p i t a t i o n , ifharaaa 
and m ttm hmtmrn of • t « t i « t i e i i l tvehniqu* 
ofi f a c t o r m\xgg»mtm4 m of physicoehftmie*! ohmagBB 
t l ^ t brought about the «xuriohi»»nt in p^o^ of thtt*« Mt^Hmntm* 
l ^ h i o A k i eonsiaarod r i toir «o bft t^m pwtimx^ 
/ 
Ce* of phosphorus* Cook<ma) favour* Buahinakl and 
a# (19«6> au99««tlQ9 r iva ra a« tha a i t a r m t i v a aouroa of 
tfthiuraaa Khan a% a l <1976) %fhUa atudyin? Jhabiia phosphorita 
aapoaita; a l so com t o th« oonelusioii t h a t r i v a r watar a i ^ j i i a d 
/ j 
tha phoi^hate eonta&t. 
I V 
t t a e a aiaoiant s tud ias e a r r i a d out f o r thasa sadtigsttts 
tha d i s t r i b u t i o n o£ ttCm, and iianthanum a l s o goas 
i n / f o £ tha sia^^iy ot pho^phata laatar ial through r i v a r , 
^ p m a t l y tha phoiq^hata a«ippJLy mv be a i t h a r from 
tfjm ^c/lky and dacoapositiim of tha than astiated stroiaatoJLitaa 
os^y^y /iha r i v a r matar cwrarfloiring the pra^^axisting « ^ a t i t s 
b a ^ ^ n g pagnat i tas* 
¥ha p rssan t s tudy i s in s i i i^ort of tha sacond p o s s i b i i i t y 
in a rsa undar study i t i a not icad t h a t atcosMitoiitss 
;With^t phos i^or i t as a ra a l s o mt in tha uppar horistoas* ^ 
dse^y of tha s t r o n a t o i i t i c coloaias tha ra fo ra could not ba tha 
p«s/kibis soux^e of s t^p iy of phosphata i n t o tha basin* 
Saccndly tha t r aea a lanant a t l i y has a l s o rp ror idsd 
eiuaa tabards a p a g a a t i t i o aourea in tha provsnsnoa i ^ i c h might 
a lao ba raaponsibla f o r aii^ply as wall* 
mwumicm 
ti«lNf i9i0* Tti« gsa t i f i s of eurbosft t* 
i c o n . OBol* $4, p* 839 a4t« 
»MBMri«<i# £>«»« & BistaUM* m s , a t n t t i g r aphy of t ^ ^tguOmmt 
memm *> x^ixAmxpsmttitim* WLsmX&rmn Cmdlisgft 
vol* Pm 24$ * 
8ii»hilii»lii« t h e origin oC Muriitft phosphor l tM 24t$ioX 
aae Hiacrfta. timowensm^ mmtf » l i t * 
C o ^ yiitfoJlogy «nd 9»ochttiai«txy of 
daixMit* of lieirth Hts t oiMuiiaiid^ 
lcof2« OftO|*« irol* p* II* 
Cintf t , C*0« and mymwrn, 
•imlyaiiB s t e l c M ^ m i t ^ of upa t i t ^* . Ovootiifi 
« t Comi9dlii» Mtm* vol* 2 i t p . 961 * S97« 
X»x»ili# 1979* Oriirin mnA of mdiait 
piiai^tioirit*«« h gweatmmigfX ^p roeoh* ^ i i e d 
^ o i c m a l Conff. Gmot^ HIn* KM* A«iiu 
•cd p* 349 • t74* 
Xttsalcov^ IWt pfcoi^liorit« f e e i c * mnd g&fwmim «C 
plio4£>l}orlt«» i n g^elogiJCtiX imo&ti^tim ot 
Agr icu l tu ra l Sei* Znst* 
r f t r t i l lm*cs and ZiiMetofungiciA»» 
XliMi, M. I974# moGtmmiemi «;lMii^et«rUtie» 
M i V p l M t o thft of fho^plMMritas, 
8i»%t* J^luiKi* laOlA* ftymr* Axvh « f 
Xftdia a t Nftflpur* 
m»€m, s^inclpl*!) «f ovochcmietry* iftihn MiXmy mcvA 
Zne«, 3rd« 329 
Md trhtt c a c «e 
Fitho]m9arh with tpaeUX jcwfttmise* t o tUm 
flecurmite* of •tronfttoll.tMi* Jour« 0»ol* 3oe» 
Vol, IT. 18 
th« 4t|»c»iiitinEt noiiift phtmphmtm luring 
^^iiol* vol.* 
p . 4S1 * 46S« 
RmmmlS0 e )^ Schleichttr, ctieffiical. eoas^oftitioM 
of AMt^rn KitiMi«» Li!ae«toatt»» Geol, KasiDSfui* 
mau 119 0>« 0 83 I03« 
ic«a»# Ib lg in o£ pbosi^e^ritos of th« Xdite 
oaagoxihat XSolmitmB of PithearAgmcti* 
Xuawon Hlnt«aayii« a«diiacnto3.oasr« Vol. 19^ 
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FACtCBS COMtROLLIHQ THE I3BP06IT10lt Of JWOSPHWraC 
t>ajiimm, pnncmmmim) 
wt 
thm o i f a c t o r «aaly«iii hi^]^ i ig l i t s v«riou» iaiportftfit 
tfXwM and tlMi ptai«l« the g^mmi* of phoi|>hoiritM eoMld •olvvd 
by u t i l l s i a a t h i« «»p«et of s t a t i s t i c * ] , s t u ^ * 
S4nr«n f ac to r* w m aaduc*«S f a c t o r aa«3.ysia uaing M^ tmodm 
t a c l m l i ^ t o account f o r va r l a t io f i oC tuaa ty ona ill) chaMieal 
'¥ariid»laa in f o r t y ona phoaphata baar ing xcchi aanplaa* 
f ac to ra iocluda Ci) ot pluoapliata in ao lu t ioa • a f a c t o r 
w h i ^ controJLa M U C I I of tha var ianca of P^O^ and i t s aXXiea ifi tha 
procaaa l i k a Sr« V« t , Ba« iU»« im, Ca« C f , ^ and Hi* ( l i ) Oatx i ta l 
cXay aacond importBUt f a c t o r inf luancing mo« Qa# 
SiOj Hi ( i i i ) Cartooaate p r a c i p i t a t i o n * itfhleh accouBtf f o r tha 
varfaliea of CaO« n^o and &i02<iv) OKidisiiiQ conditiois axpiain* 
iBoat of tha var iaaca of l^s^of* ^ '^a^ ^^^ dtQanic 
•^tlvity^Aaeinaneea thfe a ^ p f y of ^ *itd Hi* (v) a i l i c a 
p r a c l p i t a t i o n «aidiibita tha varianca of SiO.* Ns^P ^ ^ 
and ( v i i ) Haaidual pora vater«*ravaala tha v a r i a t i o n i n Pb,H]»#MBO 
and Ca 
On tha ba»i« of abcRra atudy» i t ia i n f a r r ad t h a t <i} 
S>hosphatic inatariaX which wa« a i^p l icd t o tha baa in i n i t i a l l y 
r i ch in Ca and im, r a f l a e t i n g a pa^Matita or l i a prcMrananca 
( i i ) Tha p r a c i p i t a t i o n of phoaphorita wa* indapandant of any 
oTQanie a c t i v i t y bacauaa noneohasion batwaan r a o t o r « l and 
Faetor-S. ( i i i ) Xh«f»H of tha aadiun %iaa highly va r i ab la a« i s 
avidaocad by tha p r a c i p i t a t i o n of phosphoritas and carbonataa in 
cloaa v i c i n i t y , prabaHy s i l i c a actad as b u f f a r s tock which did 
not allow tha incraaaa in pH bayond appiraciabla l i a i t a f o r phoaphata 
and caxbonata p r a c i p i t a t i o n and (iv) organic a c t i v i t y has n o t h i ^ 
t o do with phoaphata p r a c i p i t a t i o n but actad as b a r r i a r s f o r tha 
concantrat ion of l^j^S* 
pnAGumtxmt aoio«i t«« around mhmmth m^ 3S* t m^to* $ 
i a e/l) foimd t o hm pocaely to iio<S«r«tely phosphntie* I t iiii» 
ttMjrtfor* pmtmKrmA t o stvi^y th«»e doloailt^a i n i n 
t o f i n d out th« v a r i o u s f«ct<»rp that thf^ 
d»po»itioii of the«« doiomit*** irh« author* than hava a p p i i a d an 
• t a t i a t i o a ^ a«tp«et i*a* tha iwrnodn f a c t o r anaiy* i« on the ohanioul, 
data* t h i n l^*ehniqtia ha* l>aan appXiad pr«vioo«ly by aoma gaolog iata 
i n aadimantary and phosphat* ^ t a r i n g rooliat mmmg vhi^h i o b r i * 
and stirdiy KruntlMin and X8ft>ria(i96$) and ftawa* and 
$«adi <i97i> a£« north taanti<ming* 
$h« f a c t o r a n a l y t i c ^ y piroc^ad by axamining the r a l a t i o n a h i p 
l»atita«» v a r i a b l a a (R«MK>d« of a n a l y s i s ) o r betiMen saraple (OMSois 
of a n a l y s i s I« but hare oniy tha r e l a t i o n s h i p bstiMMn i rar iab iea 
are aieitfflinad* turthsrainora i t shou3.d be m n t i m ^ d hsra t h a t 
t h i s anaXysis i n no way rap iacas intarpratat ion# i t laarsly assatitolss 
the data i n aiors i:«adiXy intaxprated form* CTabXa X rapr^sants t l i s 
Major mid t r a c s aXamants eonposit ion i n thass sadimants}* 
War t h i s stu<S^ an paciiSQa program was ussdt 
Assuna a v«var iata sy s t an X^tX^* 
•ach ebs^jnrad on n individuaXs* I f Xj^j i s t h s J t h «bsarvat ic»* 
on tha i t h individuaX« t h a varisihXss can ba arranged i n a Matrix of 
d inansion and can e a s i l y ba Manipulated us ing the r u l e s of 
Matrix aXgSbra* 
F a c t o r a n a l y s i s assuaiss that each v a r i a b l e x^ ^ can ba 
enpressed i n tha f o m . 
%fh«i:« th« r i mtm damson ftLCtorc mnA %\m « U Indleat** th« 
r*l f t t iv« iai»ortftiic« oC th* ecamm f a c t o r f 1* A comioii £ to to r 
tt f a c t o r t b « t Ss pr«s«»t to •««)} Th* • f n o t o r 
t h a t tmlqu* t o th* part ieuXar in q u a s t i ^ * 
Most prcbl«n» «r«i coacanntd onlv I ' i th th« eomticsn f ac to r s* 
Sacaua* tha raading* a re arxmngad ao t h a t tha irarianco of a&ch 
varial>l« ia unity* ^ha aiiai of atDuaraa of tha e o t f f i e i a n t a of 
the eoomon f a c t o r s accoant f o r tha var lanca of t h a t var iab l« and 
ia Immm a» tt is conmiiaJlity. 
diflasmiotiaJL reduction ia c a r r i a d out in an i^pproxioiBta 
»fay hY <tho<miag tha f i r s t f a c t o r so t h a t i t accounts f o r a s mueli 
Of the va t iance as possiJt>iMt and than choosing a«ch succesdin^ 
f a c t o r so t h a t i t a iao accounts f o r «s auch of the variaiK:e as 
posaibia and i s uncorrala tad with a l l pracseding fac to r s* 2f 
tha f i r s t the c o s f f i c i a n t of v a r i a t i o n i s a naasura of the 
r a i a t i v a diapsrs ion oi a irariabsls and aoablas d i r e c t eoapar is ions 
t o bs a«ds batifsan d i s t r i b u t i o n s har ing d i f f e r e n t u « i t s of 
!«aasiureMant* Zt vas coiaputed using th« fortaala 
V • 
X 
The values of «eans« s tandard dsviat iona and c o s f f i c i e n t of 
v a r i a t i o n f o r tha dataritined nM^or t r ace e l«aents are gPrma 
in ¥aS)le»Z* 
Corra la t ien i j a t r ix i ^he c o r r e U t i o n mttriK i s given in t a b i e ^ x z i . 
a*he values a r e product aiOBiant c o r r e l a t i c n c o e f f i c i e n t s (as previously 
defined)* 
ftotatfd f a c t o r laatyixt ^h* rot«t«d f a c t o r tofttrix i» thoim in 
tiibl«**>XV» fac to r* •xplaininQ approximttnly o£ th« 
t o t a i var ia t ioR in tha data hair« baat) axt rac tad fxom tha corMlt t t ion 
matriJCf and thft systaat h«» b««i} ro ta tad ao t h a t the a«v«n i»dm>«iid«ot 
f a c t o r ax«a c&evmmpmA with a roup io^ praaaot In th# d i t«* ^Hlft 
grouped va r i ab ia s t h a t corrtapoc4 «oat cloaaXy t o any p a r t i c u l a r 
f a c t o r ia nay be obtained by mmming aach column of th« matrix 
the h e i f i ^ a t v a l u t a . 
tha eoluoii hMdad by eomnKiiiality indScatva t h a t proport ion 
o£ the v a r i a b l i t y of any p a r t i c u l a r i rar iabla hae b«en aa^ininitd 
by t h e n a ^ e n f a c t o r s mhmm* I t iM obtained by squaring the absolute 
iTftlues in each r m few f a c t o r s account f o r m l a rge progportion of 
the va r i a t l tm i t nay be posaible t o i ^ r e the r e s t* 
the {t<«iftode of ana lys i s proceeds from an ana lys i s of 
co r r e l a t i on matrix where the product ineacnt c o r r e l a t i o n c o e f f i c i e n t 
betweesi X^ end x^ i s ^iven by 
'Jlc 
The co r r e l a t i on c o e f f i c i e n t i s a siaasure c^ the l inei t r r e l a t i onsh ip 
between two rtari^X^M end i t s value l i e s betireen 4>i and «l« 
depending on whether the va r i ab le s ere r e l a t e d syapa the t l ca l ly o r 
a n t i p a t h e t i c a l l y . 
Af te r ^ va r i ab le s corresponding nost c lo s s ly t o the 
f a c t o r axes heve been deteraiiiied« they nust be in t e rp re ted 
mmxut vttm cft lci i lataa .in ^the mmX way «nd 
davlftti^xui obtainttd using tfm fonaul* 
6 . / 1 I I Z I ! 
» - 1 
« o£ f o r SiO^ iM cd»tainft4 l»3r addiag 
Olicugeiottt 
JUI can be mmn from that mmxk» iTatolm^tt MgO, SiO^ 
and LOX ase dtttacnimidi i n s i g n i f i c f t o t ii»iotiitt«« l A i i l e p^o^ i s 
a l s o jpipatant but l a aa • i g n i f i c a n t . Tha ti lgh a i g n i f ieancei oC 
CaO and i^O i a i w i t a y «o host iroeka ba ing tha caibonata* 
iTha q o a f f i e i a n t v a r i a t i ^ (v)# ind lea tas e i a a r l y tha 
wids d i spara ion of Ito0» La« Ca* V and tha mteh iBattSf 
d i spa r s ion o£ CaO* Mgo* I N O * I « Oa* i^^O* S«i» 
Fa^Oi, Cti and I s * 1?his daiaonstsates t h a t t h a saai^ie •s t io ia tas 
of t h * popuiat ion awaiw oC tha l a t a r gtov^ of aXajatnts i s X Hotly 
t o ba b a t t a r aupproxlsiiatioa than thosa of tte t o m s r * On tha 
othar ir# ftr« ^^ ^ ^ ^ * sonisifhat 
i n t a m i d i a t a pos i t i on* 
f h a cor raXat ion e o s f f i e i a n t ina t r i x (TabXa- I lZ ) shows h i ^ 
itoAsrata p o s i t i v a X i n a a s i t y bati««an t ^ S t r a c s s such a s 
ftr« i a« Cii« La* En , Cr* V , u i , and sb« whiXs CaO shows s X i f ^ t 
pot i t iv t t eo r r« l« t io» mtud MgO smpsit»mntM •Xigbtiy uv^Ktiv* t o 
t n c M * Further high c o r m l a t l c n s hav^ b«ea obtained b«tw««ri 
V/tm, y/r, &r/lm, ftr/Ba^ and V/Br« which mxm mn ind ica t ion tow«xd« 
th«-ft«»oeii^loii oC timmm ir i th tmm tmnthmtm 
ffg phpaphateii^ • f fmUoE 
Thin f a c t o r thowa high poa i t iva loadiaga f o r Sr*V« 
Sibt IM, Cm, Cr* fta« and tii^ ^ whiie nod»nita oagativa loading 
f o r i t ia tha ra fora aaaan t i a i l y a homopolajr f ac to r* 
The &r» Ba# t , V# «tc» londiogs a re atiggaativa towards 
an i i ^ i c a t i o n of rapXaccj^ent of Ca by thesa tiracaa« in tha phoa|>hata 
].atti«e* For hi«ih eocicantration of pho«phata a i&ll in pH i n tha 
baain with adaquate of pho*phatic o a t a r i a l i a nacasaary* 
Thia f a c t o r thus rapreaanta oaiygan f raa* aXightiy aeidio« phoMuitiOj 
aiXieaoua* aheHoiir laarina anviroiM^nt* 
yupplyi « i i a f a c t o r haa pos i t i ve 
loading f o r Ai^o^t HnO# Ga» and low poa i t iva f o r SiO^ and Hi. Oa 
the baaia OL h ic^ pos i t ive loadings f o r Qa and AX t h i s f a c t o r i» 
i n fa r r sd f o r c lay aupply. This f a c t o r has nagativa corraXation 
with f f t c to r ona« and i t ia thar@for« infarcad th&t HatritaX c lay 
s i ^ X y i n h i b i t s tha phoaphata p rac ip i t a t i on* 
This ia a bipoXar f a c t o r having high poa i t iva Xoadings f o r 
HgO and h i ^ negativa Xoading f o r CaO and EiO^laXightXy Xo*r)* 
Sine* i t h«» no slgaiCicftali eorr«lAtlcm isfthms £«eto£S« 
i t i« ac id t o b« an ia<9hpp«ndiint fac tor* Thia f a c t o r 
ia thought t o rapraaant normal ahalf aaa water of a l i ^ t l y ^ i d i s i i 
and a lka l ina ehaacactar from which aadiiMntation of Xitaeatona 
can occur* Fur thar m ^ a t i v a loading f o r ^ O ia auggaativa of a 
panaeootaiqporanaoua dolomitasat ion. m aueh an anvironmant 
phoaphata dapoait ion w i l l ba inhjObitad ax»S carbonata dapaai t ion 
talcaa placa« 9ha loading of BiO^ thua my ba aaaumad aa a func t io i 
of pH bacauaa SiO^ ia leaa aoliA>Xa a t low pH« hance i t a pxaaanea 
indicataa a i r«r ia t ion in tha pti condit ional i^Sch fairourad tha 
p r ec ip i t a t i on of carbonata and authigenic a i l i c a a iaul tanaoualy . 
yectog«>4«>cacidiaina condi t ional t h i a f a c t o r haa high poa i t iva 
loading f o r Va^O^ and low poai t iva f o r and whila K^Ot 
Hi and h^o^t* ahow low negative loadings. On tha baaia 
loading t h i s f a c t o r ia tharafoxa namad f o r oxidis ing eoKiditiona 
of the baain# bacauaa of tha ru la t ha t oocidising condit iona proaiot* 
tha iron p rec ip i t a t ion* 
Factor four ia an independent f a c t o r , and doaa not mhm 
ansr co r r e l a t i on with other f ac to r s* I t could the re fo re be i n f a r rw 
t h a t pM of the ayatan abCHindonad t ^ c««^la te phoaphatisat ion 
in the l a t e r ataga i*e« towarda the youngering of the a t r a t a 
<Hiunpani i l aa^r}« 
^c t ^v i t y t Thia f a c t o r has high p o s i t i v e loadings 
f o r Cu and Sn, and a l i g h t l y low f o r Ni, while abows a low 
negative loading* Cqppar and S^inc have bean found aaaocia ted 
with ezg&ni9m (C«niiosi« i9SS« VaaZn^tii. BXacK & Mitet)«l«19$2«te« 
ViXlmy U976) hm» t h « i r ••aoclAtioo with pcg«iiic! cmvhoa in 
Plmomntim hmy, t h i s f «e to r i» th«r»foc* t h o u ^ t t o ftct f o r or^icmie 
iuppiy in t1i« Mtif i* 
f e e t o r m nogfttlirc eorrv l f t t ioo with f a c t o r on* luad 
two# httiMi« i t i« iiif«r£«d t h a t pho#ph«t« pgmcipiftion in 
independent of organic ac t iv i ty* tfhou'S^ the ioedlng of i s 
present in f a c t o r one but Cu i s niX» ^his S^ lamAlug in £aCtor 
one my t he re fo re be due t o si)nilac physico««heniioal condit ions* 
^'^f^c^Pl^tj^gfit t e e t o r siac hee oniy one positlare 
loading <0.339> f o r SiO^^ whi^e Ai^C^* tle^O m d X^O show negative 
Xoftdin^» t h i s f a c t o r has bemi in t e rp re t ed as s i l i c a preci$ii tet i i»i 
f ac to r* l^he f a c t o r s i x shows very low pos i t i ve co r re l a t ion with 
f a c t o r seven the pure water factor^ ind ica t ing t h a t s i l i c a was 
suQ^plied in Bol^ t im and was p r ec ip i t a t ed euthigenicalXy aa i s 
revealed from t h i n secticm study. 
Purthei«aore i t i s noticed t h a t t h i s f a c t o r ha« ao 
co r r e l a t i on with factcr»2«the d e t r i t a l c lay supply but in both 
these f a c t o r s the s i l i c a loading i s pos i t i ve ind ica t ing 
t h a t most probably isoth f a c t o r s behaved synpatheti«ally« Two 
i n t e r p r e t a t i o n s of t h i s co r r e l e t ion nay be poss ib l e . 
1) t he s i l i c a i s p a r t i a l l y d e t r i t a l hence i t s loading i s 
observed on both f a c t o r s . 
2) The deposi t ion of s i l i c a looX place in shsllow niarine 
mmUxsomnt near shore l ine* which permit ted the incorporation of 
• i l i c i t with d»tr i tu0* 
On th« b»«l« ot •tt thl9«nic « i l lc«* d U t c i b u t i o n of toajor 
minor dienwnts, ana pr*Mnc« of al^tX bic^troift i t could hm 
ii}£»rr«4 t h a t th«M dolomitas hav* been di^osit t td in sbalXoif 
naritia mprixeaxmntm aacond p o s s i b i l i t y of tha ineocpori t ion 
of s i l i c a with da t r i t i i s appaaxs t o ba msM plans ib ls* 
yactoy^tHPOira.. Watayt t h i s f a c t o r shoifi h i ^ pos i t iva loadings 
f o r Vb,mO0 andCa, and na^ative f o r Xi^o.l, and Qa. The HnO 
loading i s thought t o be i n s i g n i f i c a n t bacauaa of i t « high 
e o s f f i c i a n t of varianca (1*20}« andi t ie tha ra fo re tr#Qt«d 
Aismissad. Having disotissad the loading^ e l l the o thar 
I v a d i n ^ a re f o r alaaiants coeomonly found in sea miter* and 
pora watiir* i 'actor sanren i s t ha ra fo re i n t e rp re t ed as a fune t ioo 
of trappad por© natar* 
I 'his f a c t o r has got posi t i t ra co r r a l e t i on with f a c t o r onis* 
the s \^p ly of phosphata in so lu t ion and f a c t o r the s i l i c a 
p r a c i p i t a t i o n , xt i s the re fora concludad t h a t both tha phosphats 
and s i l i c a vara suppliad in so lu t i on . 
Ssvan f a c t o r s tiwrs dsducad by f a c t o r ana lys is t o account 
f o r tha va r i a t i on of tttanty-ona chamical "variablas in forty«><»)a 
phosphata baaring rocH saoi^as* 
Basttd on f a c t o r ana lys i s tho folloi^ing conclusion could ba drawn t 
(a) 7ha phosphata eoatarial vas supplied in so lu t ion which 
was o r i g i n a l l y r i ch inyttrium* eariunu and lanthanum* suggastiip} 
ft pftt;pMtitic l i k* ftourco t o the bftsin* 
(2) Th* pxf tc ipi ta t icn o£ ttift pho«phox'it« i» 
o£ may or^ftnic a c t i v i t y , fts i s niftrkitd by thft t « c t t h a t f « e t o r 
- o n ^ aqA no e t ^ m l m t i m u 
(3) ^ f t Sh«pH ecndi t ions of the ftystftm wurm h i ^ l y Vftcying 
«a i s siiiaenc^d by the pr«eJp i t« t ion of phoaphats* sua earbcaMitatf 
\Amm ao»t probably a IX lea actod as a b u f f a r ao iu t ioo in the batii t 
%rhich did not mXlm th& pH t o iooimaaa or dacrcaac bayon^ ^ a 
l i m i t s of phosphata carbonata p rec ip i t a t i on* 
<4) The presence of h i ^ eo»oantrBtir.iiq£ phoapharita with 
a t romatol i taa pofiwa a p r ^ l e a i , whieh can ba solved by aasuating 
t h a t a s t romato l i t es vera f l ou r i sh ing in tha aaoia aix^ironaisnt 
t h a t fomied tha b a r r i e r s f o r the supply of phosphate so lu t ion 
t h a t was concentrated alcng these s t romatol i tes* X£ the 
s t ro iaa to l i tes were tha pricae source f o r phoaphate l i b e r a t i o n 
(Valdiya 197Z) then what can be aaid about t he uqphosphatic 
s t roraatol i tas in the younger w««ber i»a* Hiunpani* 
Tha laclc of phosi^horitas in tipper Masibers could be aaqpilaiiiaA 
by tha d i r a t t p r a c i p i t a t i o n of phosphorous (Qulbrandsan 
B. Angleja«« 1968| Maes 19S0* 2s ra i l i# 78) which waa 
supplied t o tha basin ana was p r e c i p i t a t e d When the condi t ions 
ware favourable f o r i t ^ p rec ip i t a t ion* 
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iiaao -©•760 
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c» 0*923 
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V 0*953 
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Cr 0*659 
L^O.l --0*455 0*500 -0*310 
?4 Var 
Loadings Xaaa than o«3S h«nra laaan o a i t t a d . 
GEOVIEWS (Vol. IV. No. 1. 1978) 
STRUCTURE OF MORIJA-BANOL IRON-ORE 
DEPOSIT RAJASTHAN AND ITS CONTROL 
OVER MINERALIZATION 
S . H . IsRAiLi, A . ABSAR AND SHADAB KHURSHID 
Abstract 
The Kalidungari hill represents a doubly plunging syncline showing closures 
near Morija and Banol villages. The ar^a. has been deformed under two distinct 
cycles. The axial plane cleavage parallel to the axial plane of the first fold (NB-
SW) has affected the quartzites. The intersection of two S-surfaces has produced 
lineation (Lj) which tends to be parallel to the first fold axis (NE-SW). Foliation 
( s , ) is produced due to microfolding of earlier foliation ( s^ ) and lineation (L,), 
due to the intersection of these two s-surfaces, having trend parallel to the second 
fold axis (NW-SE), 
It appears that iron enrichment is post deformational because the joints and 
fractures in the syncline might have accelerated the downward movement of 
meteoric water. Iron mineralization jn plunging synclines due to lateral move, 
ment of enriching solutions through bedding plane joints has also been reported 
from a number of places. 
Introduction 
The Morija-Banol Iron-ore deposit is situated in the northwestern 
part of Jaipur district in Rajasthan state, and extends from Morija 
(27° 10' : 75* 56') to Banol ( I T 12' : 75° 47') over a strike length of 4.2 
km. The hill containing the deposit is locally known as Kalidungri, 
and consists of rocks of Alwar series. The succession as worked out 
by the authors is as fol lows : 
Kalidungri quartzifje 
Ferruginous quartz te with with iron-ore bands 
Augengneiss 
Mica schists 
Banol conglomerate. 
S.H. ISRAILIi A. ABSAR ANIJ SHADAB KHURSHID 
Strncfare 
The Kalidungri hill represents a doubly-plunging syncline showing 
closures near Morija and Banol. The strike of the beds varies NE-SW 
in the south near Morija to NNE-SSW near Banol in the north. The 
beds dip eastwards between 40° and 60° on the western flank and west-
wards between 25* and 60° oil the eastern flank. The plunge of this 
syncline at Morija is about 15° NE and at Banol itJs.32° SW. 
The area has been affected by two distinct cycles of deformation. 
The first cycle has folded the rocks with a NE-SW trending fold axis. 
The effect of second deformation on Kalidungri syncline is revealed by 
its refolding with a NW—SE fold axis as observed in the field. The 
refolding of syncline is indicated by folded nature of the synclinal 
axis. The fold axes of two generations are almost perpendicular to one 
another, i;e. B—tectonite produced under first deformation]is perpendi-
cular to fi—tectonite produced under second deformation. This type 
of relationship indicates type—I interference pattern of Ramsay (1967). 
Faulting in the Morija-Banol iron deposits has affected the folds 
of two generations and has brought about dislocation within the iron-
ore bands. Quartzites are highly jointed and generally two sets are 
recognizable of which one is that of bedding-plane joints and the other 
oblique to it. 
The axial plane cleavage parallel to the axial place of first fold 
(NE-SW) has developed in quartzites. Foliation planes are observable 
in the mica schist which is exposed in the Banol and Morija sections. 
The schists have intercalatory bands of quartzite which define the 
original bedding plane (Sj), and lineation (L,) is produced due to inter-
section of two S-surfaces. Lineation (Lj) trends parallel to the first 
fold axis (NE-SW). Foliation (s,) h^s been produced due to microfold-
jng of earlier foliation (s,), and (s^ ) being the axial planes. Lineation 
(Lj) produced due to intersection of these two S-surfaces has a trend 
parallel to second fold axis (NW-SW). Table-1 given below summarizes 
the structural geometry of Morija-Banol Iron-ore-deposit. 
rrable 
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Cradusion 
The ore was formed due to local enrichment of ferruginous quart-
zite, brought about by the process of residual concentration. Meteoric 
water must have been involved in the process. Ferric compounds can 
exist in true equilibrium with depositional waters. Iron has the 
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property to move vertically and horizontally along weak zones and 
deposit itself as ferric hydroxide which on dehydration becomes 
hematite. The iron-enrichment appears to be post deformational, 
because the synclinal structure will greatly accelerate the downward 
movement of meteoric water through fractures and joints. The bed-
ding-plane joints are mainly responsible for the lateral movement of 
enriching solutions. The evidence in favour of this type of structural 
control over iron-mineralization comes from lake superior deposits 
which are generally associated with plunging synclines. 
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1. Newhouse, W>H. : (1942). O n dq)0sits as related to structural featurw, 
Princeton University Press, p. 270-292. 
2. Ramsay, J. C.; (1967). Folding and fracturing of lOcks. McGraw-Hill Book 
Company, p 520-525. 
4 5 
GEOVIEWS (Vol. IV. No. 1. 1978) 
SEDIMENTATION AND TECTONICS OF ARAVALLI 
AND DELHI SYSTEMS OF RAJASTHAN 
S . H . IsRAiu, A. ABSAR AND SHADAB KHURSHID 
Department of Geology, Aligarh Muslim University Aiigorh, India 
Abstract 
The Aravalli system of Rajasthan consists of highly folded precambrian rocks 
showing increasing metamorphism from east to west. They have an arcuate trend 
(SW-S-SE) along the western margin of the the Indian shield. The Aravalli rocks 
are overlain by Raialo series, which in turn is overlain by Delhi System, Delhi's 
follow same trend of deformation as Aravallis, i.e. NE-SW. The deposition of 
Aravalli System, Raialo series and Delhi System appears to have taken place in an 
eugeosyncline. The variation in trend of Aravalli rocks is either due to arcuate 
shape of geosyncline or it may be due to a median geanticline. 
The Aravalli system is dorainantly argillaceous in composit ion and 
rest unconformable over Bundel Khand granite. The predominance of 
mica schists, marbles fairly pure quartizites, feldspathic quartizites and 
manganese ores in the Aravalli svstem indicates a miogeosynelinal associa-
tion. Eugeosynclinal affinities of Aravalli rocks are indicated by at least 
five horizons of t rap consisting of feldspar and pale green augite showing 
a little alteration to chlorite. The basal beds of Aravalli system are 
found associated with some altered basic volcanics in places, and from 
Ranthambor areas sills and flows of dolerite are reported. The Aravallis 
therefore, pose a problem regarding the nature of geosyncline in which' 
tbey were deposited. Anyhow, the arguments are more sound in favour, 
of an eugeosynclinal association. 
The Delhi System flanks the Aravalli rocks, to the west and consists 
of arkosic grits, conglomerates, phyllites, green sch}sts and some inter-
bedded metavolcanics. This lithologic assemblage indicates an eugeosyn-
clinal association. 
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The epidiorites and hornblende schists of banded Gneissic complex 
and some alteied basic volcanics associated with the basal beds of ara-
valli system mark the initial volcanism of the eugeosyncline in which the 
Aravalli rocks were deposited. The eugeanticline ridge composed of 
Bundalkhand granite was situated to the east of geosyncline, because of 
the present direction of advance of tectonic structures is from east to 
west. The localization of meta-volcanics mostly towards east is another 
evidence suggesting the existence of eugeanticline in the same direction as 
in the development stage of a geosyncline. Tensional stresses are respon-
sible for the emission of ophiclites on the margins of the eugeanticlinal 
ridge. The geosynclinal subsidence was accompanied by the upheaval of 
geanticline and thus supply of clastic material was inceased, and reddish 
sandstones and quartzites were deposited which are the youngest members 
of Aravalli system. 
The upheaval of the Aravallis was followed by a Jong period of 
erosion and peneplanation. According to Sarkar (1968) the Aravalli 
orogeny and metamorphism closed between 1500 and 950 M. yrs. but 
Krishnan (1968) gives an age between 1050 and 950 M. yrs. to Aravalli 
orogeny. The metamorphism of Aravalli rocks which increases from 
east west poses some problem, because this indicates a progressive increase 
in the thickness of sediments towards west and therefore, the existence of 
eugeanticline is in the same direction. The metamorphism of Aravalli rocks 
does not appear to be a function of progressive increase in the thickness 
of sediments but is due to lit-par-lit-injection of granitic rocks towards 
west. 
After the upheaval of Aravallis, the northern surface again sub-
merged due to a local incursion of the sea, and Raialo Series was deposi-
ted. The Delhi rocks were deposited in an eugeosyncline produced on 
the western surface of the Aravallis, due to vertical movements of the 
post geosynclinal period. In Delhi sedimentary cycle, arenaceous, calca-
reous and argillaceous sediments were deposited which are represented 
by Alwer Series, Kushalgarh limestone, Hornstone breccia and Ajabgarh 
Series the deposition of Delhi system appears to have taken place in six 
different phases, each characterized by a distinct sedimentary facies. 
PAase Facies Present Representative Series 
y i Agrillaceous Mica-schist, eugengneiss Ajabgarh series 
V Arenaceous & Hornstone breccia Hornstone 
Argillaceous Produced due to shearing breccia 
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IV Calcareous 
III Arenaceous 
II Argillaceous 
I Arenaceous 
Limestone, marbles 
Quartzites 
Mica-Schist 
Quartzites 
Kushalgarh 
limestone 
Alwar Series 
Kushalgarh limestone and Hornstone breccia are exposed only in 
the type area of Alwar, but in other parts of Rajastban Alwar series is 
overlain by Ajabgarh series. The ripple marks and current beddings in 
the Alwar quartzites indicate a shallow water depositiooal eavironment. 
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Kushalgarh limestone and Ajabgarh series were deposited with the gradual 
sinking of the basin. The hornstone breccia is autociastic in origin as is 
evident by irregular thickness and presence of angular quartzitic frag-
ments. It appears to have derived by shearing of alternating bands of 
quartzite and shales (Phase V). This shearing was probably the result of 
NE—SW trending bedding thrust which has aflfected the contact of Alwar 
and Ajabgarh Series. 
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CHEMISTRY OF HINDAN 8. Kkwtk««4. W.A. SIMM. 
RIVER BASIN AND THEIR Departraem of Oeoloty, 
BIOLOGICAL EFFECTS AHgarh Muslim University, 
ALIGARH. 
Some randomly collccfed samples from the surface and sub-
surface water bodies from this basin indicate a high concentration 
of some trace elements such as copper, lead, aluminium, molyb-
denum besides some fer.ous metals such as iron, manganese, and 
chromium. At places their frequency of occurrence exceeds the 
WHO 'S permisrible limits. Around Ghaziabad the zinc, copper, 
and nickel contents varies from 2'5—4.35 ppm. 0.5—4.25 ppm. 
0.15—0.45 ppm. 0.5—12.5 ppm. respectively, similar is the case 
with other ferrous metals. If the concentration of these trace 
element.^ < increasing with rapid industriUzation it will, 
create serious i ' ^Jtion problems both for animals ajtid plants in 
the foreseabJe luiure. Notable effects of these trace elements on 
regional biotogy, their causes of concentration have also been 
suggested. 
Srmp. 'BtrirtfH. Wo., pp. 14, 1978. 
( h . a g e n t s o r W A T E R » « « » . 8 « • « ^ 
POLLUTION IN THE W. A. SMM|«t A M.W.Y. 
HINDAN R I V E R BASIN AHiarli Muilim 
NEAR GHAZIABAD>U.I>. UnlwnJty, ALIOARH. 
The Hindan river basin which irrigates many of the fertile 
fields of north-western Uttar Pradesh. The area under its influe-
nce 19 mostly converted by gravel, sand, silt, clay, and kankar, the 
bulk of which is highly porous. Through mtwt ©fits part it 
passes through the industrial town-ships that are adding many 
kinds of chemical pollutants which may be both inorganic and 
organic in nature, besides pollution through animals, pesticides 
and fertilizers. 
In this paper an attempt has been made to discuss the various 
agents that cause pollution, both in the surface and sub sur.'jice 
bodies of the region. The area has also been subdivided according to 
water quality and water pollution, physical, chemical and biological 
fnctors contributing to pollution and their relation to communicable 
diseases, fertility of soil and growth of plants. 
Some renwdial measuies to control pollution in the Hindan 
river basin have also been suggested. 
14 
Ahn. Symp. Fjt^trm. Bio., pp, IS, I97S. 
1 • ^ E n v i r o n m e n t a l 9 " . I 
EFFECTS O N WATER H. KUn. DefMrtmettt of 
OF URBAN QUALITV Oeotogy. Alifarb MuiKm 
W E U ^ IN MAlNPt/RI Onlvettlir. ALIOARH. 
TOWN (VP). 
The area under study lies in the Central Ganga aiiuvial plains 
v(hkh shows in general an aUernate sequence of clay, silt and $and 
horizons with little or no calcium carbonate concretions upto a 
significant depth. 
Water samples collected from tube wells dug-\.ells and hand 
pipes indicate that there is a significant variation in the quality o f 
water of this region. At places the water is characterized by 
total dissolved solids (850 mg/ l ) and chloride (450mg/I), moderately 
hard to feebly alkaline (pH 7.5—8.5) whereas in other region 
(total dissolved solids varies from 2100—3500 tng/l and chloride 
content from 1100—1225 mg/I). 
The shallow water aquifers are more alkaline {pH 7.5—9.5) 
moderately hard and of bicarbonate type. Some pockets of brackish 
to saline water also occur. 
At places chiefly in the vicinity of the Mainpuri town; the 
shallow water aquifers contain iron, manganese, chromium nickel, 
zinc, lead, molybedenum and fluorine. Their concentration in 
these water bodies^iaexceedingly higher than the WHO'S permissibte 
limits for potable waters. The excess of these trace pollutants 
has significant elCects both on plants and animals. 
It is therefore, suggested that the use of water of those pockets 
where it is either brackish or saline and concentration of trace 
nutrients is high should be avoided or some blending techniques 
be adopted for its proper use, so that it should not have its after 
tffects on plants and animals.-
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